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El 
tratamiento 
moderno 
de la 
oxyuriasis 
consiste en 
interrumpir 
el ciclo 
evolutivo 
de los 
oxyurus 
con 


| MEROXYLAN 


(violeta de genciana) 


**SUAVE” 
de 0,01 g; tubos 
con 40 grageas 

**NORMAL” 


de 0,03 g; tubos 
con 40 grageas 


**FORTE” 
de 0,06 g; tubos 


Recordatorio sobre 


OXYURIASIS 


Vv 


Los huevos opo- 
recen en las 
margenes del 
ano a los 37-93 
dias después de 
la infestacién. 


INFESTACION con huevos embrionados 


INGESTION 
INTESTINO DELGADO 


originando: 


MACHOS 
0.5 cm de largo 


HEMBRAS 
1,2 cm de largo 


COPULACION 


HEMBRAS 
FECUNDADAS 


MACHOS 
emigran al + 


Salen al exterior 
con las heces 0 me- 
diante movimientos 
Propios. 


Provocan intenso pruri- 
to especialmente noc- 
turno, Uno hembro fe- 
cundade elimina unos 
12.000 huevos de 50 X 
15 micrones. 

En humedod odecuoda 
y o 36° C. se desarro- 
lla ta larvae en 6 horas. 
Recién en este estado, 
los huevos son infes- 
tontes, mantemendo su 
vida lotente hosta 2 
meses. 


ANO 


4 


MARGENES DEL 


PROFILAXIS: 


Evitar reinfestaciones. 

(Sin reinfestaciones la oxyuriasis cura a los 
93 dias como maximo) . 

Por lo tanto: lavar al levantarse y acostarse 
la regién anal (con ello se eliminan el 99% 
de los huevos). 

Las pomadas anales evitan la dispersién de 
los huevos, pero no los destruyen. Utiliza- 
cién sistematica de aspiradoras eléctricas 
en dormitorios (camas!) y escuelas. 
Después de cada evacuacién intestinal 
lavar cuidadosamente las manos. 

Evitar que los nifios se rasquen la regién 
anal, especialmente de noche, y que se 
lleven los dedos a la boca. 


TRATAMIENTO: 


Destruccién de los oxyurus adultos“’in situ” 
mediante Meroxylan Wander. 


DOSIFICACION: 

Nifies: 0,01 g por cfio de edad de acuer- 
do al siguiente esquema: de | a 5 afios: 
1 a 5 grageas de 0,01 g Meroxylan “‘sua- 
ve” X dia. 

De 6 a 13 afios: 2 a 4 grageas de 0,03 g 
Meroxylan “normal” X dia. 

De 14 a 18 aftos: 5 a 6 grageas de 0,03 g 
Meroxylan “normal” X dia. 

Adultos: 3 veces, 1 gragea de 0,06 g 
Meroxylan “forte” X dia. 


OBSERVACIONES: 
La localizacién preferente del pardsito adulto es el intestino delgado, pudiendo incluso 
invadir el apéndice, originando su inflamacién. 
Los oxyurus no se multiplican en el organismo parasitado. 
Las hembras fecundadas ovigeras pueden ascender por el recto y ‘‘retroinfestar’’. 
Las grageas se disuelven solamente en el intestino delgado, desarrollando su efecto ver- 
micida sin desplegar manifestaciones indeseadas. 


con 24 grageas 


MEROXYLAN 


Por muestras y literatura dirigirse a: 


LABORATORIO WANDER ARGENTINA S. A. 


FRENCH 2334 BUENOS AIRES 
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HIPERTENSION EN TODAS SUS FORMAS 


Los laboratorios cientificos de la 


Serpasol 


Alcaloide puro CIBA lograron aislar en 1952 un 
y cristalizado nuevo alcaloide de la Rauwolfia 
de Rauwolfia serpentina: la reserpina (Serpasol) 


y estudiar a fondo sus propiedades 
farmacodindmicas. En los mismos 
iaboratorios se determinéd por pri- 


mera vez la férmula quimica bruta 


El Serpasol * (CssHsoOgNz) y muy recientemente 
desciende la tensidén arterial, (Schlittler y col., Helvet. chim. Acta 
calma y tranquiliza, 1954, 37, 59) se ha desentranado 
a menudo a pequenas dosis. la férmula de estructura: 

& 
* MARCA REGISTRADA 

BEBE 


PRODUCTOS QUIMICOS CIBA S.A. 


LEDERLE 


ESTREPTOCINASA-ESTREPTODORNASA 


Lederle 


VARIDASA, un producto mas de la de- 
dicacién de Lederle a la investigacion. 
Es una combinacién de estreptocinasa- 
estreptodornasa. Estas enzimas, am- 
bas obtenidas de estreptococos, tienen 
una accion litica bien definida sobre 
los codgulos sanguineos y exudados 
purulentos. 


VARIDASA esta indicada pues, en los 
casos donde existe acumulacion de 
sangre coagulada y materias fibrino- 
sas 0 purulentas, consecutivas a trau- 
matismo o inflamacién. Ademads de sus 
aplicaciones clinicas, en calidad de su- 
plemento de Ia intervencién quirurgica, 
VARIDASA constituye un valioso auxi- 
liar para el cirujano. 


Productos Lederle. I 


URSAL BUENOS AIRES CHARCAS 


nvestiga... ahora ... 
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el efecto ténico 
del extracto | 
de higado crudo 
reforzado 

con las vitaminas 
del complejo B, 
incluso la 
vitamina B,, 


BELAMYL es extracto de higado crudo 
— tan crudo como puede obtenerse 
para la administracién parentérica — 
reforzado con vitaminas del complejo 
B,. incluso la vitamina By. 


Cada cm* de extracto hepsitico esté 
reforzado con: 


Se presenta en frasco ampolla con 5 cm* 


Complejo de Vitamina B y Extracto Hepatico con Vitamina B,2 Squibb 
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1. Como la tinica medida terapéutica, o 
2. Como complemento de las intervenciones 
quirurgicas 


Por su amplio espectro antimicrobiano y la rapidez de su 
accion, la Terramicina esta desempenando actualmente un 
papel cada vez mas importante en el tratamiento de las 
infecciones locales de los tejidos blandos. Entre las infeccio- 
nes que han respondido a la Terramicina en forma que en 
muchos casos se ha descrito como “excelente”, “buena” y 
“rapida”, figuran erisipelas, eritema multiforme de tipo 
bulloso, pioderma, fusospiroquetosis bucal y del pene, im- 
pétigo, carbunclo, celulitis, furunculosis, y abscesos.!:?3-45.6 
En casos que requieren intervencién quirurgica, la Terra- 


micina ha sido un complemento terapéutico de gran valu:. 


La Terramicina se obtiene en forma de... 
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de 20 c.c. con 500 mg.: UNcuento, Tubos de “% y 1 0z., con 30 
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Frascos cuentagotas de 5 c.c. con 25 mg. para la preparacién de 
soluciones topicas; PASTILLAS, cajas de 24 pastillas de 24 mg. 
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ACTION OF THIOSORBITOL ON VASOPRESSIN * 


H. CROXATTO, M. ALMEYDA AND L. TUDELA 


(Laboratory of Physiology, Catholic University and Laboratory of 
Physiology, Institute of Physical Education, University of Chile) 


‘[ HIOSORBITOL inactivates the utero-tonic properties of oxytocin and 
the vasoconstrictor properties of vasopressin of the commercial 
posterior lobe preparations (Croxatto, 1950). Later experiments showed 
that these pituitary extracts when treated with thiosorbitol lost their 
vasoconstrictor properties but maintained the typical antidiuretic prop- 
erties of vasopressin. This fact seemed to support Heller’s suggestion 
(1939) that the vasoconstrictor and antidiuretic properties could corres- 
pond to substances of different chemical structure. 

Although the opposite view has prevailed (Fraser, 1941) other in- 
vestigators have obtained results which support the idea that the dif- 
ferent properties of vasopressin could correspond to different chem- 
ical structures (Grollman and Woods, 1949; Ralli and coll., 1950; Dumm 
and coll., 1952). 

These antecedents led us to study more closely the effect of thiosor- 
bitol on the antidiuretic and vasoconstrictor action of vasopressin. 


METHODS 


Two commercial preparations (‘“Pitressin’” from Parke Davies and 
“Pituitrol”’ from Instituto Sanitas) and a crude extract of ox posterior 
lobe were used. Crystallized Thiosorbitol (Dupont de Nemours, coded 
C D 2362) was used in proportion of 0.5 to 1.75 mg per unit of vaso- 
pressin. 

The hormone preparations were incubated with thiosorbitol for 2 to 
24 hs, at 37° C and pH 7.3, using a 0.05 M solution of sodium phosphate. 
A drop of 0.1% merthiolate or two drops of toluol per 4-5 ml of solution 
were added as antiseptics. All the incubated preparations were tested 


(*) This work has been aided by grants from the Rockefeller Foundation and the 
Gildemeister Foundation. 
—Received for publication, April 19, 1954. 
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for pressor and antidiuretic effects using as controls hormone solutions 
without: thiosorbitol and solutions of thiosorbitol incubated under ident- 
ical conditions. 

Antidiuretic effects were tested in several ways: A) In hyperhydrat- 
with Dial. In order to avoid tachyphylaxis moderate doses were injected 
intravenously. 

Antidiuretic effects were tested in several ways: A) In hyperhydrat- 
ed rats (Burn’s method, 1931) the same solutions injected into the cats 
were properly diluted and injected intraperitoneally (1 ml per 100 g). 
Each experiment was performed in 5 groups of 4 rats located in a meta- 
bolism cage, the urine volume beirg measured at 15 min. intervals. The 
5 groups received respectively: a) hormone preparations; b) hormone 
incubated with thiosorbitol; c) hormone and thiosorbitol recently mixed; 
d) solution of thiosorbitol and, e) 0.9% NaCl solution. The antidiu- 
retic effect was expressed as percentage of water excreted in relation 
to the administered water. In the 36 experiments performed the dose 
of hormone and hormone plus thiosorbitol varied between 5 and 500 
mU per 100 g body weight. 

B) In hyperhydrated rats as described, the same solutions were 
injected intravenously (tail vein) instead of intraperitoneally. 

C) In rats with free access to drinking water the same solutions 
were injected into the peritoneum. These animals, fasted for 12 hours, 
were put in groups of 4 in metabolism cages and the urine-volume was 
measured every hour from 3 hours before to 4 hours after the injec- 
tion. 


RESULTS 


The actions of vasopressin were considerably modified by thiosor- 
bitol. The pressor effect of the hormone was appreciably destroyed, 
the degree of inactivation depending on the relative amounts of thio- 
sorbitol and time of incubation (Figs. 1, 2, 3, and 4). With 0.5 to 1 mg 
of thiosorbitol per U of vasopressin 60 to 75% of the latter’s pressor 
action is lost after 4 to 6 hs incubation (Fig. 3). The pressor activi- 
ty of “Pitressin” seems to be more vulnerable to thiosorbitol than that 
of “Pituitrol”’, since only 2 hs incubation with 0.5 mg of thiosorbitol 
destroy about 70% of it (Fig. 4). These results cannot be attributed) to 
a direct effect of thiosorbitol on the test animal, since this substance 
caused no alteration of the blood pressure in the 30 cats in which it was 
injected and the recently made mixture of thiosorbitol and hormone 
caused the same pressor effects as the hormone alone, (Figs. 1, 2, and 
3). 

The antidiuretic properties of the hormone preparation used are 
also modified by thiosorbitol. The effects recorded in hyperhydrated 
rats, varied with the time of incubation, the proportion of thiosorbitol 
and principally with the dose injected. The antidiuretic effect of vaso- 
pressin incubated 12 hs. with 0.5 mg of thiosorbitol per U (8 exper- 
iments) was in every case clearly greater than that of non treated vaso- 
pressin when the dose injected was greater than 60 mU of Pituitrol 
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Fic. 1, ~1. — Each curve represents the percentage of water excreted by 4 hyperhydrated 
rats, to which were injected intraperitoneally per 100 g body weight: (A) 0.5 mg of 
thiosorbitol in 0.9% NaCl solution; (B) 500 mU of Pituitrol; (C) The same as B adding 0.5 
mg thiosorbito] immediately before the injection; (D) The same as B previous incubation for 
12 hs at 37° C with 0.5 mg thiosorbitol. 

II. ~ Blood pressure of a cat. Injection into the femoral vein of: (D) 800 mU of Pituitrol 
incubated with 0.8 mg of thiosorbitol; (C) 400 mU of Pituitrol to which 0.8 mg of thio- 
sorbitol were added immediately before the injection; (B) 800 mU of Pituitrol; (B’) 400 
mU of Pituitrol; (A) 0.8 mg of thiosorbitol in 0.9% NaCl solution. All the preparations 
were incubated 12 hs at 37° C. 
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Fic. 2. —1.—Each curve represents the percentage of water excreted by 4 hyperhydrated 
rats, to which were injected intraperitoneally per 100 g body weight: (A) 10 mU of Pitui- 
trol incubated during 12 hs with 0.005 mg thiosorbitol; (B) 10 mU of Pituitrol; (C) 
40 mU of Pituitrol; (D) 0.02 mg of thiosorbitol ‘in 0.9% NaCl solution; (E) 40 mU of 
Pituitrol incubated with 0.02 mg thiosorbitol during 12 hs. 

II. — Blood pressure of a cat. Injection into the femoral vein of:, (C) 600 mU of Pituitrol; 
(D) 2400 mU of Pituitrol incubated for 12hs with 1.2 mg of thiosorbitol; (F) 600 mU: of 
Pituitrol to which 0.3 mg of thiosorbitol were added immediately before the injection. 
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% OF WATER EXCRETED 


TIME - MINUTES 


Fic. 3.— 1. — Each curve represents the percentage of water excreted by 4 hyperhydrated 
rats to which were injected intraperitoneally and per 100 g body weight the \following: (A) 
10 ml of Pituitrol incubated with 0.005 mg of thiosorbitol during 12 hs; (B) 10 mU of 
Pituitrol incubated 12 hs; (C) 10 mU of Pituitrol incubated 6 hs; (D) 10 mU of Pituitrol 
incubated with 0.005 mg of thiosorbitol during 6 hs. 

II. ~— Blood presure of a faf. Injection into the femoral of: (A) 600 mU of Pituitrol 
incubated during 12 hs with 0.3 mg thiosorbitol: (B) 600 mU of Pituitrol incubated during 
12 hs; (T) 0.3 mg of thiosorbitol in 0.9% NaC! solution; (A) 1200 mU Pituitrol incubated 
with 0.6 mg of thiosorbitol during 12 hs; (B’) 1200 mU of Pituitrol incubated during 12 hs. 
III. — -Blood pressure of a cat. Injection into the femoral vein of: (D) 250 mU of Pituitrol 
incubated with 0.125 mg of thiosorbitol during 6 hs; (C) 60 mU of Pituitrol incubated 
during 6 hs; (D) 1250 mU of Pituitrol incubated with 0.62 mg of thiosorbitof during 6 hs. 
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Fic. 4.— J. Each curve represents the percentage of water excreted by 4 hyperhydrated 
rats, to which were injected intraperitoneally and per 100 g body weight the following: 
(A) 10 mU of Pitressin incubated during 2 hs with 0.005 mg thiosorbitol; (B) 10 mU of 
Pitressin incubated during 2 hs; (C) 40 mU of Pitressin incubated during 2 hs with 0.02 mg 
thiosorbitol; (D) 40 mU of Pitressin incubated during 2 hs. 

II. — Blood pressure of a cat. Injection into the femoral vein of: (A) 2500 mU of Pitressin 
incubated with 1.25 mg of thiosorbitol during 2 hs; (B) 600 mU of Pitressin incubated 
during 2 hs. . 
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or 50-100 mU of Pitressin per 100 g body weight. This difference in- 
creased the greater the dose injected (Figs. 1 and 2). 

These results seemed to show that incubation with thiosorbitol would 
inactivate specifically the pressor action of the hormone while not 
affecting or even increasing its antidiuretic action. Nevertheless when 
lower doses were administered (20 mU of Pituitrol or 30 mU of Pi- 
tressin per 100 g rat) the antidiuretic effect of the hormone solutions 
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Fic. 5. — Each curve represents the average urinary excretion of 12 hyperhydrated rats 
into which were injected intravenously per 100 g body weight the following: (A) 155 mU 
of Pituitrol incubated during 12 hs; (B) 155 mU of Pituitrof incubated during 12 hs with 
0.075 mg of thiosorbitol; (C) 0.2 ml Tyrode solution; (D) 0.075 mg thiosorbitol in 0.2 ml 
Tyrode solution. 


incubated with thiosorbitol was definitely smaller than that of the non- 
treated solutions (Figs. 2 and 3). Intermediate doses (20-50 mU of 
Pituitrol and 30-50 mU of Pitressin) had approximately equal effects 
whether incubated or not with thiosorbito!] (Figs. 2 and 4). 

The decrease of antiduretic action observed when low doses are 
injected is moderate and depends on the time of incubation. The shorter 
the time of incubation the less appreciable the decrease of antidiuretic 
potency, even with very small doses. Thus the antidiuretic effect of 
Pituitrol incubated for 6 hs with thiosorbitol and injected in the dose 
of 10 mU per 100 g rat was not significantly smaller than that of the 
non incubated preparation. On the other hand the pressor effect is con- 
siderably decreased after such a period of incubation, (Fig. 3). 

Incubation of crude posterior lobe extracts with thiosorbitol in si- 
milar conditions caused no significant change in their vasoconstrictor 
or antidiuretic activities. 

The antidiuretic action of hormone solutions and of hormone plus 
thiosorbitol injected intravenously was similar to that described for the 
intraperitoneal route (Fig. 5). 
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When the effect of thiosorbitol on diuresis is compared with that 
of an equal volume of 0.9% NaCl solution a slight antidiuretic action 
is shown by the former. In doses of 0.006 to 1 mg per 100 g body weight 
the antidiuretic action was non-significant and was not related to the 
dose injected. 

In rats normally hydrated and with free access to drinking water 
the injection of vasopressin (6 --650 mU of Pituitrol and 10-250 mU 
of Pitressin per 100 g) caused a marked increase in diuresis during the 
2 following hours when the doses were greater than 80 mU. (Figs. 6 
and 7). With the higher doses (500 to 650 mU) this increase was re- 
markable; with the smaller doses (6 to 12 mU) the diuretic effect was 
absent or non-significant. The injection of NaCl solution or of thiosorbi- 
tol in the control groups produced a decrease in diuresis rather than an 
increase (Figs. 6 and 7). 

The same doses of vasopressin which caused a diuretic effect lost 
this action after incubation with thiosorbitol during 12 hours; no change 
of activity was observed when mixed with thiosorbitol and injected 
without incubation. 


DISCUSSION 


Heller (1939) on finding that the antidiuretic action of vasopressin 
was more stable than the pressor action when pH changed from 0.57 to 
10 suggested that both actions corresponded to different chemical subs- 
tances. Fraser (1914) attributed these results to foreign substances 
which modified the absorption of the preparations when administered 
subcutaneously, since no difference could be detected when administer- 
ed intravenously in the dog. Kamm and coworkers (1931) described an 
antidiuretic extract of the neurohypophysis with no pressor action, but 
details of its preparation were not published. Grollman and Woods 
(1949) described a method, based on moderate oxidation, which could dis- 
sociate the cloruretic and antidiuretic effects of Pitressin; this would 
explain the presence in urine of an antidiuretic principle without cloru- 
retic action. According to Ralli and coll. (1950) the treatment of commer- 
cial Pitressin with 0.1 mg of sodium thioglicolate decreases its cloru- 
retic and pressor actions while conserving great part of its antidiur- 
etic action. Dumm and coll (1952) using adsorbents (alumen gel and 
oxicelullose) were able to dissociate the antidiuretic and cloruretic ac- 
tions of Pitressin. 

Our experiments show that incubation of commercial preparation 
of posterior lobe extracts with thiosorbitol eliminates all or nearly 
all of its pressor action (cat and rat) while an intense antidiuretic 
action is still demonstrable in the hyperhydrated rat. This fact can- 
not be atributed to a modified absorption of water from the gut nor 
to a direct effect of thiosorbitol on diuresis, this possibility being 
discarded by the controls made (intravenous injection, injection of non- 
incubated mixture of thiosorbitol and hormone). Nevertheless thiosor- 
bitol in higher concentration may have an antidiuretic effect as we 
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Fic. 6. — 1.—Each curve represents the hourly urine vOlume of 4 normally hydrated rats. 
Arrow indicates intraperitoneal injection, per 100 g body weight, of: (A) 350 mU Pituitrol 
incubated during 12 hs; (A/4) 80 mU Pituitrol incubated during 12 hs; (B) 0.17 mg of 
thiosorbitol in 0.9% NaCl solution; (C) 350 mU of Pituitrof incubated during 12 hs with 
0.17 mg of thiosorbitol. 
Il. — Each curve represents the percentage of water excreted by 4 hyperhydrated rats, to 
which were injected intraperitoneally and per 100 g body weight the following: (A)j 500 
mU of Pituitrol; (A/4) 125 mU of Pituitrol; (B) 0.25 mg of thiosorbito] in’ 0.9% NaCl 
solutibn; (C) 500 mU of Pituitrol incubated during 12 hs with 0.25 mg_thiosorbitol. 
III. — Blood pressure of a cat. Injection into the femoral vein of: (A) 1250 mU of Pitui- 
trol; (C)1250 U of Pituitrol incubated during 12 hs with 0.6 mg of thiosorbitol. 
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Fic. 7. ~1.—-Each curve represents the hourly urine volume of 4 normally hydrated rats. 
Arrow indicates intraperitoneal injection, per 100 g body weight, of: (A) 125 mU of 
Pitressin, incubated during 12 hs; (B) 125 mU of Pitressin incubated during 12 hs with 0.125 
mg thiosorbitol; (C) 0.5 ml of 0.9% NaCl solution. 

II, — Blood pressure of a cat. Injection into the femoral vein of: (A) 100 mU of Pitressin 
incubated for 12 hs; (B) 250 mU of Pitressin incubated during 12 hs with 0.25 thiosorbitol; 
(A’) 250 mU of Pitressin incubated with 0.25 mg thiosorbitol during 12 hs; (B’) 250 mU of 
Pitressin. 

III, ~— Blood pressure of a cat. Injection into the femoral vein of: (Ay 100 mU of Pitressin 
incubated during 12 hs; (B) 250 mU of Pitressin incubated with 0.25 mg thiosorbitol du- 
ring 12 hs. (A) 250 mU of Pitressin as in A. 
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have found with thioglicolate and Earle and Berliner (1947) with di- 
mercaptopropanol. 

A discussion of the diuretic action shown under certain conditions 
by the even more purified preparations of neurohypophysis is neces- 
sary in order to interpret our findings. Ham and Landis (1942) on anal- 
yzing the effect of doses greater than 10 mU per 100 g rat found that 
they produce a transitory diuretic effect which they attributed to the 
pressor action of the hormone. Greater doses of Pitressin have paradox- 
ically a smaller antidiuretic effect than lesser doses when studied 
during a short period. We have repeatedly observed that when a hy- 
perhydrated rat is injected with doses of vasopressin greater than 50- 80 
mU the volume of urine excreted during the first 90 minutes is greater 
than after injecting smaller doses. We have also attributed this pheno- 
menon to the vasoconstrictor action of the hormone which would also 
explain why thiosorbitol added to the post pituitary preparation in- 
creases its antidiuretic action when the dose of the latter amounts to 
50 mU or more. In fact, it would be otherwise difficult to explain how 
thiosorbitol which can almost destroy the antidiuretic action may, un- 
der certain conditions, intensify it. The pressor activity being elimin- 
ated (and with it the diuretic effect) the unopposed antidiurectic action 
shows itself more clearly. This interpretation also explains the fact that 
vasopressin incubated with thiosorbitol and administered in doses of 
30 mU or less shows no increase in antidiuretic effect but rather a de- 
crease, because the low concentrations of hormone are unable to deter- 
mine pressor (vasoconsctrictor) action and hence diuretic effects. 

The results obtained in non hydrated rats could also respond to the 
same mechanism. In them the injection of 80 mU or more of Pitressin 
or Pituitrol, caused always a definite increase in diuresis during periods 
of 120 to 180 min. This action was depressed or supressed after incu- 
bation with thiosorbitol. 

In conclusion the antidiuretic action of most pituitary preparations 
would be due to two seemingly opposed factors: the pressor factor, 
which over a certain dose would have diuretic and perhaps cloruretic 
action (Grollman and Woods, 1949); and the antidiuretic factor, the 
action of which would be proportional to the dose injected over 
all ranges. Thiosorbitol acts preferently on the former, hardly affecting 
the latter (longer incubation time, larger doses). 

The inability of thiosorbitol to modify the pressor and antidiuretic 
activities of crude post pituitary extracts may be due to the blocking 
action of impurities on the SH group action of thiosorbitol. 

Up to now the results obtained cannot deny nor affirm the possibil- 
ity that pressor and antidiuretic actions are due to different chemical 
substances. Nevertheless it is more probable that both actions pertain 
to the same molecule; a chemical group of which, determining its pressor 
action, can be destroyed by agents of the thiosorbitol type without comp- 
lete loss of the antidiuretic action of the rest of the molecule. 


CONCLUSIONS 
1) A study has been made of the effects of thiosorbitol on the 
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pressor and antidiuretic activity of vasopressin using commercial pre- 
parations (“Pitressin” of Parke Davies and “Pituitrol” of Instituto Sa- 
nitas). Thiosorbitol was added in proportion of 0.5 to 1.75 mg per U 
of vasopressin and incubated at pH 7.3 and 37° C during periods varying 
between 1 and 24 hs. 

2) Vasopressin solutions incubated during 12 hs with thiosorbitol 
which injected into rats or cats at doses equivalent to 60-2500 mU 
have lost completely or almost completely their pressor action, when 
injected into hyperhydrated rats (Burn’s test) in doses of 50 mU (Pi- 
tuitrol) or 50 to 100 mU (Pitressin) cause an antidiuretic effect even 
greater than the same dose non incubated with thiosorbitol. 

3) The injection of a recently made mixture of vasopressin and 
thiosorbitol or of both solutions separately show that the greater anti- 
diuretic effect cannot be attributed to a direct action of thiosorbitol but 
is due to a chemical modification of the hormone during incubation. If 
greater concentration of thiosorbitol and longer incubation periods are 
used the antidiuretic action may also be destroyed. 

_4) Partial inactivation of the antidiuretic principle can also be 
demostrated when the incubated mixtures are assayed in hyperhydrated 
animals in doses of 20-30 mU or less per 100 g rat. Under these condi- 
tions the hormone incubated with thiosorbitol has a smaller antidiu- 
retic effect than the non incubated mixture. 

5) Injection of vasopressin (80 to 650 mU per 100 g rat) induces 
in normally hydrated rats a clear cut diuretic effect. This effect is great- 
ly diminished or abolished by incubating with thiosorbitol whereas the 
pressor action of the hormone which contrarrests the antidiuretic ac- 
tion, is more or less completely destroyed. 

6) The double physiological action of vasopressin: vasoconstric- 
tion and antidiuresis, is probably due to different chemical groups in the 
same molecule, the one with vasoconstrictor action being specially vul- 
nerable to the action of the sulphydrilic substance. 

7) The same may happen in the organism thus explaining the 
presence in blood and urine of a substance with strong antidiuretic ac- 
tion and devoid of pressor action. 
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PHYSIOLOGICAL HYDROLYSIS OF THYROGLOBULIN 
IN THE THYROID GLAND * 


E. DE ROBERTIS 


(Institute for Research in Biological Sciences; Department of Cellular 
Ultrastructure, Montevideo, Uruguay ) 


T HE THYROID gland has the specific and unique property among the 
endocrine system of synthesizing a secretion and at the same timeé 
of storing it as a macromolecular protein in the follicular cavities. 

This double function of synthesis and storage determines the archi- 
tecture of the organ whose anatomical unit is the thyroid follicle. So 
far in this symposium it has been dealt with the mechanisms by which 
iodine, the essential element of the thyroid hormone, is trapped and 
collected by the gland. The following stage, that of the iodinization of 
the protein secretion leading to the formation of thyroglobulin has also 
been studied. 


I shall try to analize the third stage in the “mechanism of the 
formation of the thyroid hormone” which concerns with the release of 
the stored thyroglobulin and the passage of the active hormone into the 
circulation. The study of this problem has been approached either with 
cytologica! and cytochemical techniques or with biochemical and biophy- 
sical methods. A great deal of recent work has been done by the use of 
radioisotopes in combination with paper chromatography ‘** 7. ». 3!) and 
electrophoresis ‘), Particularly outstanding have been in this respect 
the contributions of Prof. Leblond, Dr. Gross and colleagues. 

Here I will mainly analize elder contributions of my laboratory which 
fortunately appear to have resisted the test of time, and which can be 
put together with the most recent pieces of work in the field. 

In 1941 ‘”) having demonstrated the presence of a proteolytic enzyme 
activity in the follicular colloid of the thyroid gland | postulated the 
theory that the release of the thyroglobulin is produced by hydrolysis of 


(*) Paper presented at the Symposium on “The Mechanism of Formation of the Thy- 
roid Hormone”: International Physiological Congress, Montreal. Sept. 1953. 
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the large protein molecule by an enzymatic mechanism. We shall first 
recapitulate the cyto-physiological and biochemical foundations in which 
this theory was based. 


The release of thyroglobulin is intracellular. 


The secretion stored in the follicle passes through the follicular epi- 
thelium into the circulation. Recent studies‘’*) with radioiodine have shown 


Fic. 1.—Thyroid follicles of a rat, three hours after the injection of TSH. 
Follicular colloid is being reabsorbed. Cells are higher than normal and 
show many colloid droplets in the cytoplasm. Frozen-dried tissue stained 
with anilin blue-orange. (E. De Robertis: Amer. J. Anat. 1941, 68, 317). 


that the thyroid cells are in a “steady state”, that means they are active 
at all times in building up thyroglobulin and depositing it into the 
colloid. Presumably the release of the thyroid hormone is also continuous 
and depends on the amount needed by the organism. In certain experim- 
ental or pathological conditions such as after injection of TSH or in 
toxic goiter there is an increase of secretion with a great increase in 
the release of thyroglobulin, which causes the depletion of the colloid 
stores. It has been argued whether the release is through or between the 
thyroid cells. Intercellular reabsorption was favored by some ‘*** on 
the bases of findings in amphybians of intercellular capillaries which were 
supposed to connect the follicular cavity with the lymphatic and blood 
capillaries. According to others this supposition was based on the fact 
that a molecule as large as thyroglobulin could not possibly pass through 
the cells “), However, most of the authors accepted that in the mam- 
mals release of the colloid was through the cell ‘2 74. 5”. 6. 6), From the 
cytological point of view, until 1940 the main difficulty arose from the 
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lack of appropriate technical methods for fixing and detecting the prod- 
ucts being secreted or released through the follicular epithelium “”). 
In that year we started to use the freezing dehydration method which 
preserves best the protein secretion products and which can then be re- 
vealed by a simple staining technique. 

With this method we could demonstrate that in no case, neither in 
the mammals ‘* ») nor in the amphybians is the release intercellular. Cy- 
tologically the release of the colloid, can be best observed in glands ac- 
tivated with thyrotrophic hormone. In this case a considerable number 
of colloid droplets appears in the cytoplasm of the thyroid cells which 
are either secreted into the follicle or released toward the base of the 
cell (Fig. 1). 

The number of intracellular colloid droplets demonstrated with the 
frozen-dehydration technique is the most sensitive and specific index of 
the secretory activity of the gland. This is particularly true for the de- 
tection of the action of TSH. By measuring the number of colloid drop- 
lets per follicle we were able to establish a “so-called” cytological coef- 
ficient ‘'*>) with which it was possible to detect, in the guinea pig, the 
presence of a single dosis of 0.0002 of a Junkmann Schoeller unit and 
to determine the level of TSH and its variation in pathological condition 
in as little as 2 ml. of human blood “''). Several other important 
points ‘''. '?) were brouht out by the use of the freezing-dehydration 
technique but at present we want only to emphasize that it demonstrat- 
ed conclusively that the release of thyroglobulin is through the cells of 
the thyroid epithelium. 


Demonstration of the proteolytic enzyme in the colloid. 


As the thyroglobulin stored in the follicles is evidently released 
through the cells the problem arises as to what mechanism might be 
involved in its transfer through the thyroid cells toward the blood capil- 
laries. Such a mechanism could be readily understood on the basis of 
the general concepts of cell permeability if very small molecules were in- 
volved. As Chambers and Zweifach \) state “the upper limit of porosity 
of the cell membrane has never been claimed to be in excess of 342, the 
molecular volume of saccharose” and Wilbrant ‘) considers a molecular 
volume of 68 000 as the limiting porosity of the capillaries in the glom- 
erular tufts of the kidney, where the transfer is probably through the 
cementing substance. 

Thyroglobulin is a macromolecule whose molecular weight as deter- 
mined by ultracentrifugation is of 675 000 ‘**. »). Thus its passage through 
the cells cannot be explained on the basis of cell permeability. 

The hypothesis that the release of thyroglobulin could be through an 
enzymatic mechanism probably appeared in the literature in 1936, when 
Salter and Lerman ‘) were able to synthesize iodoproteins by using thy- 
roid extracts and suggested the presence of an enzyme system which could 
act not only in the synthesis but also in the fragmentation and release of 
the thyroid protein. In 1940 Gersh and Caspersson ‘”) suggested the 
possibility that the follicular colloid could be digested by enzymatic ac- 
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tion and the products absorbed by the cells. In the same year we tried 
to prove this hypothesis by testing the presence of proteases in the fol- 
licular colloid extracted by microdisection ‘”) (Fig. 2). 

For this purpose, the isthmus of the thyroid gland of anesthesized 
rats was exposed and observed under magnification of 100 X and micro- 
pipettes guided by a micromanipulator were introduced into the follicles 
and the colloid extracted. The colloid from a single follicle was mixed 
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Fic. 2.—Diagram showing different stages of the technique of microaspiration of 
colloid from individual thyroid follicles: A-B puncture of follicle; C-D colloid 
extraction; E measurement of the colloid by means of an ocular micrometer, 
F-G deposit of the colloid droplet on a metal foil for direct measurements 
of radioactivity of the colloid with the Geiger counter (In the technique 
for proteolytic activity the deposit is made on the gelatin substrate). 


with a buffer solution and deposited under the microscope on a thin film 
of gelatin, the digestion of which was then observed (Table 1). 

It was possible to demonstrate at pH 6.6 to 7 the presence of a pro- 
teolytic activity (P.A.) in the follicular colloid of normal rats. This 
activity was much more intense at pH 2 to 3 and lower at pH 8.2 and 
it also varied with the state of activity of the gland. In rats injected 
with a single dose of TSH the P.A. was greatly increased in five to 28 
hours after the injection and, at the same time the viscosity of the col- 
loid was decreased. Treatment with iodide (adding one per cent potas- 
sium iodide to the diet) produced an increase in P.A. and low viscosity in 
five to twelve days, and a diminution of activity and high viscosity in 
45 to 54 days (Table I). In order to determine if these changes in P.A. 
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TABLE I 


Proteolytic activity of colloid in normal and experimental animals 


Time after 


| Activity of enzyme Dosage of 
administration 
| pH of pH of _  thyrotropic GP. its 


| buffer 7 buffer 6.6 extract 


1 115 +,+ 
2 150 +,+ 
3 155 +,+ 
4 +,4+,+ 
5 120 | + 
6 105 | + 


RATS TREATED WITH POTASSIUM IODIDE 


7 + (++ 5 days 

8. 93 +++ i++ 7 days 
9 70 + | +, ++ 10 days 

10 99 | +4/++ 10 days 

11 9 | ++ | 11 days 

12 12 days 

13 8 | +,+ 45 days 
14 93 —,+ | | 46days | 
15 50 days 
16 | 54 days 


RATS TREATED WITH THYROTROPIC PITUITARY EXTRACT 


17 10 8 5 hours 10 
18 100 ++,++ | +,4++ | 6 hours 13 
19 |. | + 10 hours 10 
20 | | | 46 hours 10 
21 107 +4+4+,+,4+) + 20 hours | 20 
22 80 ++,++ 24 hours 10 
233 | 10 | +,++,4++ 28 hours | 15 
24 | ++ | 44 hours 15 


| 48 hours 20 


—negatiye, + faintly positive, + positive, ++ strongly positive, +++ 
total digestion. 


(DE Resertis, E.: Anat. Rec., 1941, 80, 219). 
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were due to variations in pH, indicators were injected, and the pH of 
follicular colloid and perifollicular tissue determined (Table II). No de- 
finite changes in pH could be observed in the experimental animals to 
account for these fluctuation in the proteolytic activity. 


TABLE II 


pH of the intrafollicular colloid and of the perifollicular connective tissue 


CPR BCP BTB PR 


Color Color pH Color pH Color pH 

Intra- Red >6.3| light 6.6 yellow 6.5-6.7 yellow) <7.0| 6.6+02 
follicular purple green | 
colloid 
Peri- Red >6.3) dark | >7.0| blue 7.3-7.5 | pink 7.4 | 7.30.2 
follicular purple | 
tissue 


CPR, chlor-phenol red; BCP, brom-cresol purple; BTB, brom-thymol blue; 
PR, phenol red. 


(De Rosertis, E.: Anat. Rec., 1941, 80, 219). 
Theory of the enzymatic hydrolysis of the thyroglobulin. 


These facts led us to formulate the theory of enzymatic reabsorption 
according to which the release of the hormone from the follicle is pre- 
sumed to take place only after previous hydrolysis of thyroglobulin in- 
side the follicular cavity. Furthermore the rate of hydrolysis is depend- 
ing upon the state of activity of the thyroid gland. In this conception 
the large protein molecule which is thyroglobulin can not pass as such 
through the cellular membranes. It must first be hydrolyzed into prod- 
ucts (P) of lower molecular weight which may go accross the cell mem- 
branes and enter the blood stream as the circulating hormone (TH). As 
we shall see later the probable nature of those products of hydrolysis 
has recently been revealed. 

As seen in the diagram in the case of an activated gland (hyper- 
function) the secretion from the cells toward the lumen in increased, but 
simultaneously the hydrolysis of T is increased and there is more reab- 
sorption of P. If the release predominates, the follicular colloid finally 
becomes exhausted. In hypofunction the opposite phenomenon takes place 
(Fig. 3). 

The experimental facts which gave support to this theory were fully 
confirmed by Dziemian ‘') in 1943. By using micromethods for the det- 
ermination of proteases in the whole gland Dziemian, like us, found that 
TSH increased the P.A. up to 30 per cent as earlier as in 2.5 hours after 
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injection. On the other hand hypophysectomy decreased the P.A. in 22 
per cent. Furthermore KI given in the diet first increased the P.A. but 
after forty days it decreased the P.A. 


Facts supporting indirectly the theory of enzymatic hydrolysis of thy- 
roglobulin. 


At the time in which the theory of the enzymatic hydrolysis of thy- 
roglobulin was first formulated it had the indirect support of the work 


HYPOFUNCTION 


Fic. 3.—Diagram indicating the enzymatic mechanism of hydrolysis of thyroglo- 
bulin in normal conditions and in hyper and hynofunction. The length of the 
arrows are expression of the intensity of the process of hydrolysis, reabsorp- 
tion, apical and basal secretion. T, thyroglobulin, P, products of thyroglobulin 
hydrolysis, TH circulating hormone. 


of Lerman ‘**) who by using inmunological methods was unable to de- 
monstrate the presence of thyroglobulin in the circulating blood, even 
in the case of thyrotoxicosis or in the blood extracted from the thyroid 
vein. 

Later, from an analysis of some of the properties of the organic 
iodine of blood it was concluded that the circulating thyroid hormone 
was in the form of a small protein molecule or a polypeptide with a M.W. 
less than 69 000 according to Riggs et al ‘*’), which was believed to be 
closely associated with the plasma albumin fraction. I will not analize 
the most recent works regarding the true nature of the circulating hor- 
mone. It seems now well established, after the work of Taurog and 
Chaikoff ‘*) and Leblond and Gross ‘**) with radioisotopes, that thyroxin 
is present as such in the circulating blood. The analysis of the plasma 
with paper chromatography has lead to the discovery, in addition to thy- 
roxin, of another physiologically active compound ‘*), which was then 
identified by Gross and Pitt-Rivers as being triodothyronine ‘*. *!) see also 
60. 61), Furthermore by paper electrophoresis it has been possible to de- 
monstrate that thyroxin is associated with serum proteins having mobili- 
ties close to a, globulin ‘?3). 
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However the most important contribution in support of the role play- 
ed by the enzymatic hydrolysis of thyroglobulin came from the work of 
Gross, Leblond and co-workers in 1950 ‘7°. 9). By using radiodine iodide 
and paper chromatography of thyroid extracts the authors were able to 
detect the presence of free iodide, monoiodotyrosine, diiodotyrosine, thy- 
roxin and at least two other unidentified iodine-containing substances. 
Of these compounds only thyroxin and triiodo-thyronine seem to pass into 
the circulation. 

The finding of these free compounds in the thyroid tissue can be 
best interpreted as resulting of the hydrolysis of thyroglobulin. Presu- 
mably the proteolytic enzyme of the colloid which was found to liberate 
tyrosine from proteins might also be capable of releasing diiodotyrosi- 
ne, thyroxin and other iodine-containing aminoacid from the molecule of 
thyroglobulin (Leblond, 44). 


Methods for the study and properties of the proteolytic enzyme system. 


So far the proteolytic enzyme system of the thyroid gland has been 
studied in the rat ‘”), guinea pig ‘'%), dog ‘#), in the rabbit ‘*9) and in hu- 
man tissue ‘'!. '6), The properties of this enzyme leads to classify it as 
an intracellular proteinase or cathepsin ‘'” '9), Extraction of the proteo- 
lytic enzyme has been done in a mixture of glycerol and water ‘'%). For 
the assay: gelatin ‘’), edestin ‘'), henoglobin ‘?), thyroglobulin and pep- 
tides of low molecular weight ‘'”) were used as substrate. In our work 
with Nowinski the proteolysis was measured by determining the amount 
of liberated tyrosine and tryptophane with the Folin and Ciocalteu rea- 
gent after incubation with edestin at pH 4. Llamas ‘) has measured 
the liberated acid groups on a gelatin substrate by the titulation with 
alkali according to Willstatter. Kamner and col. determined the P.A. 
by the method of Anson and also used the Folin Ciocalteu reagent. The 
results were expressed as mg. of tyrosine liberated by 100 mg. of tissue. 
Heating of the tissue extract resulted in a complete inactivation of the 
enzyme activity ‘*?). The hydrogen concentration has a marked effect on 
the proteolytic activity. Maximal activity was found in the acid range 
of pH. According to Kamner et al. the maximum activity on hemoglobin 
is obtained at pH 3.55. Cysteine induces a marked increase in the acti- 
vity of the enzyme. This increase is of the order of more of 100 per 
cent 

According to Llamas ‘?) the pH of maximum activity on gelatin is 
of 6.5. This author finds that cyanide has an inhibiting action. Copper 
sulphate also inhibits the P. A. Diniz et al. “'”) using the method of 
Bergman concluded that the proteolytic system of the thyroid gland is 
comp!ex. Cathepsins similar to the I, II, III and IV of Bergman were 
found *. Because of their implication we shall mention later our experi- 
ments in which a considerable inhibition of P.A. was obtained “in vitro” 
by the action of iodine. On the other hand iodide has no action what- 


* B. Weiss has récently investigated the proteinase and peptidase activity 
of beef thyroid tissue, in the entire gland and also in different subcellular 
fractions. (J. Biol. Chem. 205, 193, 1953). 
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soever “in vitro”. The same can be said of thiourea and other inhibit- 
ors of thyroid function which have no action on the P.A. and obviously 
acts on the thyroid function through a different mechanism. 


The proteolytic enzyme activity of human tissue in normal and patho- 
logical. conditions. 


The experimental facts already mentioned in which the proteolytic 
enzyme activity was found to be experimentally correlated with the func- 
tional status of the gland made very interesting to investigate if in the 
human gland a similar correlation existed. It was of particular import- 
ance to establish if this enzyme underwent changes in thyroid dis- 
eases and if the physiopathological mechanisms involved were essentially 
similar to those which take place in physiological or experimental condi- 
tions. 

Considerable alterations in the release of thyroglobulin occur in cert- 
ain pathological conditions and particularly in toxic and in simple col- 
loid goiter. In toxie goiter there is an increase in the release of the 
colloid which causes depletion of the stored thyroglobulin. This change 
has been called with the significative name of “leakage” ‘*) and “diarr- 
hea” ‘*) of the gland. In simple goiter (at least in the phase of colloid 
goiter of Marine ‘°)) there is an opposite phenomenon, namely a dimi- 
nution of the release and a storage of colloid. 

For these reasons, we carried out estimations of the enzymatic ac- 
tivity in a series of human thyroid glands representing normal and va- 
rious pathological conditions (De Robertis and Nowinski ‘'*)). It was 
found that, in cases of severe toxic goiters, there is an increase of P.A. 
to a point about 100 per cent above normal, while in simple colloid goiters 
the P.A. is about 30 per cent below the normal level. These results seem 
to indicate that the proteolytic system has an important role in the phv- 
siopathology of the thyrotoxicosis and of simple colloid goiter (Table 
Ill). 
In cases of mild toxic goiters (starting with a B.M.R. of + 40 per 
cent) which reached a complete relief of the symptoms with the iodine 
treatment, the P.A. is not only lower than that of severe toxic goiters 
but is even below the normal level (—26.2 per cent). It is interesting 
that, in these cases, the gland showed big follicles filled with colloid, 
as if it were a simple goiter. 

The results observed in mild toxic goiters seem to indicate that 
when toxic sympthoms are completely releaved by the iodine the P.A., 
which before the treatment was presumably above the normal, decrea- 
ses to a level below that of the normal gland. The interpretation of these 
cases in the light of the mechanism of the therapeutical action of iodine 
will be considered later. 

In spite that only two cases of nodular toxic goiters were studied 
the results were highly interesting. It was found almost a 100 per cent 
increase in P.A. in the tissue of the toxic adenomata as compared with 
the neighbouring rest of the gland in which the P.A. was normal. These 
differences were also very manifest in the histological control of the 
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TABLE III 


Proteolytic activity of human thyroid tissue 


Simple 
Normal Severe diffuse toxic 
thyroids goiter Mild toxic goiter diffuse 
goiter 
§ £32 ESS EE § ERS 
356 0.39 325 0.63 + 45 + 37 352 0.35 + 23 — 372 0.22 
357 0.53 354 0.85 +65 ' + 9 355 0.24 , + 19 +7 435 0.43 
382 0.52 388 0.75 + 84 + 24 374 C38 | +40 —0.5 436 0.32 
387 0.43 407 1.12 + 80 + 57 386 0.26 + 27 +6 494 | 0.25 
399 0.37 434 1.07 +100 + 35 437 0.28 | + 35 +4 499 0.34 
413 0.47 438 0.69 +94 + 26 439 0.41 + 40 +7 $23 | 0.27 
414 0.46 493 0.98 + 75 5 615 0.42 + 20 —6 525 | 0.45 
522 0.42 495 0.74 +124 + 39 636 0.30 
637 0.47 497 0.80 +40) + 15 
638 0.40 526 1.27 + 66, + 33 
626 0.72 — + 43 
Ave. 0.444 0.872 0.332 0.320 


tissue. It seems possible that these considerable differences in the P.A. 
are related to the different outputs of hormone in these two adjoining 
regions of the thyroid gland. 


Proteolytic activity and the mechanism of the therapeutic action of 
iodine. 


Since the introduction of the iodine treatment of toxic goiter by 
Plummer ‘*) various authors have tried to explain the mechanism of its 
action on the thyroid gland. This action is characterized clinically by the 
relief of symptoms, including a drop in basal metabolic rate ‘); 
physiologically, by the apparent decrease of the circulating hormo- 
ne (2. 39. 0) and increase of total iodine in the thyroid ‘**); and histologi- 
cally, by the deposition of colloid within the follicles ‘*). In order to ex- 
plain all these facts it is generally agreed that iodine acts by blocking 
the release of the secretion from the thyroid follicles, but the actual me- 
chanism is still not satisfactorily explained. Marine ‘°) thought that the 
storage of colloid induced by iodine interferes with the delivery of the 
colloid into the circulation and Mosser ‘*’ suggested that the stored col- 
loid compresses the cells and decreases their secretory activity. These 
hypothesis of mechanical blockage are no longer necessary in view of 


& (De Resertis, E. ,NowInski, W .W.: J. clin. End., 1946, 6, 235). 
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what we know of the histophysiology and the enzyme chemistry of the 
thyroid gland. 

Salter and Lerman ‘®) from studies of enzymatic synthesis carried 
out with proteases as catalysts, concluded that the therapeutic effect 
of iodine is caused by a mass-law phenomenon which “forces” the reac- 
tion in the direction of synthesis, inducing formation and storage of col- 
loid. 

We mentioned above the results obtained in rats treated for a long 
period with iodide (De Robertis ‘’)). In the colloid of these rats there 
is a definite decrease in P.A. These results, confirmed quantitatively by 
Dziemian ‘'), suggested the possibility that the action of iodide might 
be exerted through the proteolytic enzyme system. 


TABLE IV 


Proteolytic Activity of Thyroid Extract Before and After 
Treatment in Vitro With Icdine 


Blank Iodinized extract 
Mg. of tyrosine Mg. of tyrosine 
and tryptophane and tryptophane Per cent 
set free set free inhibition 
0.116 0.031 73.3 
0.164 0.035 77.1 
0.094 0.042 55.3 
0.225 0.105 53.4 


0.092 0.011 88.5 


(De Rosertis, E., NOWINSKI, W. W.: Science, 1946, 103, 421). 


The results obtained in the cases of mild thyrotoxicosis also support- 
ed the idea that iodine acts on the thyroid by inhibiting the proteolytic 
system. In fact, as the result of iodine therapy, the subjects of these ex- 
periments had a complete relief of symptoms, including normalization 
of the B.M.R., and showed a P.A. —26.2 per cent below the level of that 
of normal glands (!%), © 

These facts may be interpreted on the basis of the enzymatic reab- 
sorption of the colloid and suggest that iodine inhibits the proteolytic 
system controlling the hydrolysis of thyroglobulin, thus reducing the rel- 
ease of colloid and favoring its storage within the follicles. 

The mechanism of iodine action in this inhibition seems to us to 
be possibly due to a direct iodinization of the proteolytic enzyme. Sup- 
port for this idea is found in the paper of Henrriot ‘*) who by iodizing 
pepsin in vitro observed a progressive inhibition of the P.A. which de- 
pends upon the fixation of iodine in the tyrosine molecule. 

To check the direct action of iodine upon the proteolytic enzyme 
of the thyroid we carried out experiments in which glycerol extracts 
from human glands were iodized “in vitro” with Lugol’s solution con- 
taining a eoncentration of iodine between 0.1 and 0.01 Molar “'®). This 
treatment lasted for 24 hours at 4°C. and afterwards the extract was 
dialized through cellophane for 24 to 48 hours at 4°C. to extract the 
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free iodine. The control (that is, the same extract, but untreated with 
iodine) was treated in the same way. 

Some of the results at an iodine concentration 0.05 Molar are given 
in Table IV. These experiments were repeated and confirmed by 
Llamas ‘*’) on rabbit thyroid tissue. It must be pointed out that the in- 
hibition is due to free iodine, as control experiments with potassium iodi- 
de have no inhibiting effect whatever. This fact, of course, does not in- 
validate the concept that iodides may have an inhibitory action in vitro 
because the thyroid gland has an enzymatic mechanism capable of trans- 
forming ionic into molecular iodine, being able in this way to iodize the 
proteolytic system in the presence of iodides. 

According to our hypothesis the action of the excess of iodine given 
therapeutically would be exerted especially on the proteolytic system en- 
gaged in the hydrolysis of thyroglobulin, and as a result the release of 
the colloid would be blocked. This interpretation is based principally on 
the enzymatic theory of the reabsorption of the colloid mentioned above. 

The experiments involving iodization “in vitro” seem to indicate that 
the diminution in P.A. under the action of iodine is probably due to a 
direct inhibition of the proteolytic system. In this connection it seems 
noteworthy that the process of iodization normally present in the gland 
but acting in excess may produce an inhibition of the proteolytic system. 

In this interpretation of the therapeutic effect of iodine, other me- 
chanisms of action are not excluded. Experiments done “in vitro” with 
radioactive iodine in strong concentrations show that when iodide is 
added to the medium there is an inhibition of the formation of diiodoty- 
rosine and thyroxine (Morton, Chaikoff and Rosenfeld ‘*)). 

Rawson and colleagues ‘*) have shown that when patients ‘with 
Graves’ disease were treated with thiouracil and afterwards with thio- 
uracil and iodide, there was en involution of the thyroid with colloid stor- 
age in the follicles. In this case it seems very possible as the authors 
suggest that iodides may interfere with the action of thyrotropic hormo- 
ne. Treatment with thiol-compounds produces a definite increase in TSH, 
secretion by the pituitary gland, as was demonstrated by Grasso and De 
Robertis ‘*°) by using the cytological method for the assay of TSH (De Ro- 
bertis and Del Conte ‘')). Furthermore, it was suggested by Loeser and 
Thompson ‘*’) in 1934, that iodine may supress the secretion of TSH of 
the pituitary gland and part of the action of iodine is to prevent the 
action of TSH (Friedgood ‘”°)). 


The role of TSH and thyroid inhibitors on the physiological hydrolysis 
of thyroglobulin. 


The results mentioned so far have emphasized the role of the prot- 
eolytic enzyme system of the gland in the physiological hydrolysis of 
thyroglobulin. However the possibility remains that this intracellular 
protease system may also act on the synthesis of the thyroid protein. 
The reversal of hydrolysis to explain the biosynthesis of a peptide bond 
has been denied by some authors on the grounds that energy is required 
for the synthetic process. However according to Fruton ‘2') living systems 
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may counteract the thermodynamic tendency of chemical compounds to 
decompose by coupling the reaction to another energy yielding reac- 
tion. This author emphasized the need for extremely precise specificity 
in the synthesis of complex protein molecules and stated that “thus far 
the only tissue enzymes which are known to exhibit the requisite struc- 
tural specificity are the intracellular proteolytic enzymes”. 

The knowledge of this group of enzymes is still very fragmentary 
and a great deal needs to be done in the way of isolation, identification 
and determination of their specific properties. It seems to us of great 


NORMAL TSH THIOUREA | THIOUREA 
RATS and 
T Ss H 


Fic. 4.—Diagram indicating the penetration of I"' (in y of Nal per 0.1 mm) 
in the follicular colloid: of normal rats, and in rats injected with TSH, 
thiourea, and TSH and thiourea simultaneously (Chagas, De Robertis, Cou- 
ceiro. Tex. Rep. Biol. Med., 1945, 3, 170). 


interest to investigate the action of hormones and particularly of the 
so-called trophic hormones, on these intracellular proteolytic enzymes. 
Of these hormones thyrotrophin seems particularly related to the-activ- 
ity of catepsin. In addition to its action on the P.A. of the thyroid 
gland ‘’) according to Mathies et al. ') thyrotrophin may be also rela- 
ted to the catheptic activity of the liver tissue. 

It seems to us that one of the first results of the action of TSH on 
the thyroid tissue is the activation of the proteolytic system. In fact, 
after injection of TSH) a definite increase in P.A. was found as 
early as 2.5 hours, and very possibly it could be found earlier, if inves- 
tigated. Cytologically the first reaction seen in the thyroid cell (already 
after 10 minutes of the injection of TSH) is the formation of thyroid 
droplets which are secreted toward the lumen. A little later does the 
release start intensively. 

This actions of TSH on the P.A. and on the secretion and release of 
the colloid manifest itself much earlier than the actual increase in height 
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of the thyroid epithelium and is quantitatively related to the dosis of 
TSH injected (De Robertis and Del Conte ‘'*), De Robertis ‘'')). 


Several experimental evidences suggest that this mechanism of syn- 
thesis and hydrolysis of the thyroid protein may in certain cases work 
independently of the mechanism of iodination leading to the formation 
of the active aminoacids, thyroxin and triiodithyronine. 


In 1944 we studied (Chagas, De Robertis and Couceiro ‘*)) the penet- 
ration of radioactive iodine into the colloid of the thyroid follicle by 
using the micromanipulation technique. The results are expressed in 
Fig. 4 which shows the progressive penetration of I™ into the colloid 
with a maximum after 40 hours of the injection in the normal animals. 
The simultaneous inoculation of TSH increased considerably the penetra- 
tion of radioactive iodine. On the contrary the injection of thiourea pre- 
vented almost completely the penetration of radioiodine and supressed 
entirely the action of TSH. However the antagonistic action of thiourea 
with respect to the process of iodinization and iodine penetration is not 
accompanied by a similar action on the secretion and release of the col- 
loid. In fact if rats are injected simultaneously with thiourea and with 
TSH as Grasso did (27), the cytological coefficient, that means the num- 
ber of colloid droplets found in the cells per follicle, is the same in both 
cases. 


Junqueira ‘') made in our laboratory an even more demonstrative 
experiment. Maintaining thyroid tissue “in vitro” he was able to show 
that the addition of TSH induces the secretion and reabsorption of the 
colloid as in the case of the intact animal. The addition of thiourea to 
the medium did not interfere with the action of TSH on the release of 
the colloid while the presence of iodide in concentration M 0.115 to M 
0.015 did prevent the release of colloid by thyrotrophin ‘'). These re- 
sults should be correlated with the fact that thiourea and thiouracil ‘¢°) 
do not inactivate the P.A. activity of the thyroid “in vitro” while iodine 
actually inhibits it. 


As a final summary I would like to make the following assumptions 
most of which are still highly speculative. 


1) In the synthesis of thyroglobulin two integrated processes take 
place: a) One of them consists in the synthesis of the protein substra- 
tum of thyroglobulin. This process is possibly mediated by the proteoly- 
tic enzyme and other systems and is probably under control of the thy- 
rotrophic hormone. b) The other process comprises the trapping mecha- 
nism of iodide, the oxidation of iodide into iodine (or another active com- 
pound) and the immediate iodination of the protein substratum to give 
the different iodinated aminoacids. This complex process is mediated by 
different enzyme systems in which peroxidases are probably involved ‘° !*). 


2) The hormone stored in the gland in the form of thyroglobulin 
is released through the action of the proteolytic enzyme system present 
in the colloid. Some of the products of hydrolysis would be reabsorbed 
and retained by the cell while the active hormones thyroxin and triiodo- 
thyronine would pass through the cells into the circulation. The process 
of release would be under the control of the thyrotrophic hormone and 


HYDROLYSIS OF THYROGLOBULIN 91 


of the amount of iodine through the mediation of the proteolytic enzyme 
system. 

3) In cases in which the mechanism of iodide trapping or of iodi- 
nization are blocked the synthesis and release of the inactive protein could 
continue under the influence of TSH acting on the proteolytic system. 
This is actually what happens in the animals treated for long time with 
thyroid inhibitors ‘?5), 

4) In thyreotoxicosis both the synthesis and release of the hormo- 
ne is greatly increased. Simultaneously the proteolytic activity is also 
increased. This process may or may not be related to an increase of 
thyrotrophin. The therapeutic action of iodine is probably due to in- 
hibition by direct iodinization of the proteolytic enzyme and to the cor- 
responding inhibition of the release of thyroid hormone. However other 
possible mechanisms are not excluded. 

5) In colloid goiter there is a diminution in the release of the col- 
loid with a corresponding decrease in proteolytic activity. 
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MECHANISM OF VERATRINIC DECURARIZATION * 


F. Hurmposro, J. LEWIN AND J. VALDIVIESO. 


(Department of Pharmacology, Catholic University, Santiago de Chile) 


paar studies have shown that twitching of the cat muscles, de- 
pressed by the action of d-tubocurarine, may be rapidly recovered 
and even give potentiated responses under veratrine administration ‘). 
It is rather difficult to explain the mechanism of this veratrinic decura- 
rization. According to Hunt and Kuffler ‘*), substances producing a de- 
curarizing effect may play their role through three mechanisms: a) in- 
crease and prolongation of the motor end-plate potential (e.p.p.); b) in- 
creased excitability of the motor end-plate or of the muscle; c) com- 
bination with the curarizing drug thus preventing its action. All this 
without considering electric currents. Bibliographic references concern- 
ing the action of veratrine on the e.p.p. are contradictory °° '') but there 
is a tendency to accept that the latter is not modified since veratrine 
does not alter the ganglion potential ‘*.'2) this structure being consider- 
ed analogous to the neuromuscular synapse. On the other hand, it is 
not accepted that veratrine increases the excitability of the motor end- 
plate or of the muscle (2.9. 11), 

The purpose of the present work is to investigate some aspects of 
veratrine in order to explain its decurarizing effect. 


METHODS 


Adult cats were used under sodium pentobarbital anesthesia (Nem- 
butal “Abbott”). A cannula was inserted in the trachea to permit art- 
ificial respiration when necessary. 

The muscles employed were: gracilis, tibialis anterior and quadri- 
ceps. In some experiments, the latter were denervated by aseptic section 
of the nerve previous to the experiment. Sometimes, the contractions were 


(*) This. study was carried out under support of the GILDEMEISTER FounpaATION, San- 
tiago de Chile. 


Received for publication, May 21st, 1954. 
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recorded in a kymograph according to the usual technique of this lab- 
oratory '’). The nerves used were popliteal external and long saphenous. 
The structures were stimulated by square waves of 0.1 msec duration com- 
ing from condenser discharges their frequency being controlled by elec- 
tronic valves. Maximal stimuli were employed and silver or platinum 
electrodes insulated with rubber or cotton soaked in mineral oil were 
used. 

The e.p.p. of the gracilis muscle were obtained by means of platinum 
electrodes, the preparation was maintained covered with mineral oil ond 
heated at 37°C. by radiant heat. Unipolar platinum electrodes were except- 
ionally used. Muscular action potencials were obtained from the tibialis 
anterior through bipolar electrodes placed in the muscle surface. As in 
the former case, the nerves were maintained covered with mineral oil and 
heated at 37°C. The action potentials of the nerves long saphenous and 
popliteal external were also recorded with platinum bipolar electrodes; 
however, on certain occasions, pressure blocks were applied to the nerve 
between one element and the other. 

The action currents were amplified by a “Grass” pre-amplifier con- 
nected to an oscillograph. 

The drugs employed were: d-tubocurarine, veratrine chlorhydrate 
and acetylcholine chlorhydrate (drugs were diluted in distilled water). 
Doses and way of administration are mentioned in “Results”. 

In some cases, a cotton soaked in 1 to 2 X 10° veratrine solution in 
saline, was placed surrounding the nerve. 


RESULTS 


1) Effect of veratrine on the excitability of the muscle. — Veratri- 
ne produces a double effect on the nerve: first an increase and then a 
decrease in excitability. As the increase stage is very short it was possi- 
ble only to study the intensity-duration curves during the decrease pha- 
se of excitability; this decrease may reach to a complete lack of nervous 
responses ''), The same should occur with the muscle (for references, see 
‘(°)), As literature on this point is outdated we decided to reinvestigate the 
problem. 

The tibialis, denervated 4 to 9 days before the experiment, was di- 
rectly stimulated at a frequency of 1 stimulus per second. Intensity-du- 
ration curves were performed, chosing as responses action potentials 
which were the average between maximal and minimal responses. After- 
wards, it was considered more convenient to use as responses the thres- 
hold of action potentials. The dose of veratrine ranged between 0.3 to 
2.4 mg per kilogram of weight injected into the jugular vein. Curves were 
determined at least 10 minutes after administration of the drug. The 
same animal was given several doses of veratrine. 

Results show that increasing doses of veratrine produce a progres- 
sive decrease of muscular excitability, as can be seen in figure 1 which 
illustrates a typical experiment. These results agree with publications 
made in the past century (for references, see ‘9)). 

The following facts are worthwhile emphasizing: small doses of ve- 
ratrine do not markedly modify the muscular excitability and do not 
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provoke iterative muscular responses. But the highest doses, those produ- 
cing a marked decrease of muscular excitability, provoke intense itera- 
tive responses. Thus a dose of 0.6 mg, not modifying the muscular excit- 
ability, as can be seen in figure 1, does not provoke muscular repeti- 
tive responses; conversely, doses of 1.2 and 2.4 mg which decrease excit- 
ability cause repetitive responses of the muscle. 


10. 


02 .0S Ale) 


Fic. 1—Effect of veratrine on electrical excitability (“strength duration curves”) 
of the muscle. 


Cat weighing 3.100 g. Tibialis anterior denervated 7 days before and electri- 
cally stimulated with different intensities and duration of stimuli to obtain 
always a threshold action potential. 

Ordinates: volts; abscisae: duration of stimulus in milliseconds. 


© — Control 

x — 06 mg of veratrine per kilogram of weight into the jugular 
W — 1.2 mg of veratrine per kilogram of weight into the jugular 
o — 2.4 mg of veratrine per kilogram of weight into the jugular 


Il) Effect of veratrine on the motor e.p.p.— Previous administra- 
tion of d-tubocurarine permitted localization of motor end-plate zones. 
The muscle was stimulated through the nerve at a frequency of 1 sti- 
mulus every 5 seconds. When the e.p.p. neatly appeared we injected ve- 
ratrine into the terminal portion of the abdominal aorta at doses bet- 
ween 0.1 and 0.4 mg. Under these conditions, it was occasionally ob- 
served that the intensity of e.p.p. increases, as well as its duration (fig. 
2). On this increase of e.p.p. small oscillations may be superposed which 
may be completely irregular in their frequency and intensity (fig. 3) or 
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A B 


Fic. 2.—Increase of motor end-plate potential due to the action of veratrine. 


Cat weighing 2.750 g. Gracilis muscle stimulated through the nerve at a 
frequency of 1 stimulus every 5 seconds. 

A — Control (bipolar electrodes) 

B — 32 minutes after 0.2 mg of veratrine were injected into the terminal 
aorta. 

Calibration: 5 ms 


+ 


B 


D E F 


Fic. 3.—Increase of motor end-plate potential due to the action of veratrine. 


Cat weighing 1.650 g. Gracilis muscle stimulated through the nerve at a 
frequency of 1 stimulus every 5 seconds. 

A — Control (bipolar electrodes) 

B — 1 minute after 0.3 mg of veratrine were injected into terminal aorta 
C and D — follow immediately to B 

E —- 30 seconds later 

F — 35 seconds later 

G — 10 minutes 45 seconds after F 

Calibration: 5 ms; 200 »~V 
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appear better synchronized in time, as seen in figure 4. Whichever their 
type, these oscillations decrease and tend to disappear as time goes by 
(fig. 3 and 4). 

The increase of e.p.p. due to the action of veratrine was not observ- 
ed in all the experiments. This phenomenon seems to be conditioned 


AAA 


Fic. 4.—Increase of motor end-plate potential due to the action of veratrine 


Cat weighing 3.000 g. Gracilis muscle stimulated through the nerve at a 
frequency of 1 stimulus every 5 seconds. 

A — Control (unipolar electrode) 

B — Immediately after 0.4 mg of veratrine were injected into terminal aorta 
C — 35 seconds later 

D — 4 minutes, 20 seconds after B 

Calibration: 5 ms; 200 »V 


by an equilibrium between the doses of d-tubocurarine and veratrine. 
Thus, if the animal has been given high doses of d-tubocurarine produc- 
ing a strong curarizing effect, veratrine does not modify the e.p.p.; on 
the other hand, if the animal received a small dose of veratrine, the des- 
cribed potential modification was not observed. The dose of d-tubocu- 
rarine usually employed was that which when injected into the termin- 
al portion of the abdominal aorta permitted localization of end-plate 
zones, artificial respiration not being necessary. 


Ill) Effect of veratrine on the action of acetylcholine in the mus- 
cle. — The quadriceps was used, aseptically denervated 8 to 14 days be- 
fore the experiment. It was stimulated by means of non maximal dos- 
es of acetylcholine, regularly and rapidly injected into the terminal part 
of the abdominal aorta. After giving a few acetylcholine injections, mus- 
cular twitches became quite regular. At this very moment, 0.1 to 0.4 
mg of veratrine were injected into the aorta. 


| 
| | 
} 
| 
| 
| 


98 HUIDOBRO, LEWIN AND VALDIVIESO 


The results obtained were not regular. Occasionally, muscular twit- 
ching was not modified after veratrine administration; in other cases, 
it was potentiated or, on the contrary, its amplitude was reduced (fig. 5). 


IV) Effect of local application of veratrine to the nerve. — The 
effect of veratrine on the popliteal external, sciatic and tibialis anterior 
was investigated. The nerve was stimulated (1 stimulus every 10 sec- 
onds) at its exit from the pelvis. A cotton soaked in veratrine solution 


Fic. 5.—Effect of veratrine on muscular twitching produced by acetylcholine. 


Lert: depression of muscular twitching due to the action of veratrine; cat 
weighing 1.900 g. Quadriceps denervated 11 days before; Stimulation of 
muscle by acetylcholine into the terminal portion of the abdominal aorta. 
At arrow: intra-aortic injection of 0.3 mg of veratrine 

Ricut: potentiation of muscular twitching due to the action of veratrine. 
Cat weighing 2.850 g. Quadricens denervated 8 days before; stimulation of 
muscle by acetylcholine administration (2.5 micrograms) every 2 minutes 
into the terminal portion of the abdominal aorta. 

At arrow: intra-aortic injection of 0.4 mg of veratrine. 


was placed surrounding the nerve, either near its entrance in the tibialis 
anterior or immediately under the stimulating electrode. In the last ca- 
se, we employed the action potentials of the nerve near its entrance in 
the muscle; the nerve was distally sectioned and occasionally blocked 
between the two poles of the recording electrode. The action potentials 
of the muscle and the contractions were sometimes recorded. 

As can be observed in figures 6 and 7, local application of veratrine 
to the nerve provoked iterative responses both in the nerve and in the 
muscle. The kymographic records show that the height of muscular twit- 
ching was increased (fig. 7). Iterative responses of the nerve and mus- 
cle appeared some time after a veratrine solution had been applied to 
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the nerve. Repetitive responses were progressively intensified until rea- 
ching a limit which was always lower than that obtained when the drug 
was given intra-arterially. When frequency of stimulation was increased 
(10 per second) iterative responses of the nerve disappeared. 


Fic. 6.—Iterative responses of the nerve induced by local application of veratrine 


Cat weighing 2.400 g. The sciatic popliteal external is stimulated at the pelvis 
exit at a frequency of 1 stimulus every 10 seconds. A cotton soaked in vera- 
trine solution 1x10-5 placed immediately under stimulating electrodes. Ac- 
tion potentials of the nerve were recorded at the upper part of the leg, using 
unipolar electrodes. 

A. — Control 

B — 6.5 minutes ofter application of veratrine solution 

C — 16 minutes 50 seconds later 

D — 24 minutes 20 seconds later 

Calibration: 10 ms; 50 uV 


V) Effect of veratrine on the sensitive nerve.— The long saphe- 
nous was stimulated (1 stimulus every 10 seconds) at the entrance of 
the pelvis and its action potentials recorded at the upper third of the leg. 
Veratrine, in this case, was injected into the jugular vein. Fig. 8 shows 
iterative responses of the sensitive nerve due to the action of veratrine. 
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C 


Fic. 7.—Iterative responses of the muscle induced by local application of veratrine 
to the nerve. 


Cat weighing 2.800 g. Tibialis anterior stimulated through the nerve at a 
frequency of 1 stimulus every 10 seconds. A cotton soaked in veratrine 
solution 2 x 10-5 placed immediately under stimulating electrode. Action 
potentials of the muscle are obtained in the surface of the tibialis anterior. 
A —- Control 

B and C — 23 and 23.5 minutes after local application of veratrine to the nerve 
Calibration: 5 ms; 200 y»V 

On the right: below: increase in the height of muscular twitching recorded 
in the kimograph 47 minutes after local application of veratrine to the 
nerve. 


DISCUSSION 


The results obtained may explain the decurarizing effect of veratri- 
ne. This drug causes an increase both in height and duration of the 
motor end-plate potential. Furthermore, veratrine can produce an in- 
crease in height of the muscular twitching due to acetylcholine, a drug 
which is accepted as acting at the level of the motor end-plate ‘'°). 

The effect of veratrine on the motor end-plate potential had not 
been clearly demonstrated. Kuffler'‘''), in isolated fibers of the frog, 
reports that veratrine has no effect on the motor end-plate potential and 
wonders why this property has not been employed in physiological stu- 
dies since the drug in question provokes important alterations in nerve 
and muscle ‘*). Nevertheless, Goutier, in the sartorius muscle of the frog 
finds that the motor end-plate potential shows “asynchronic repeated 
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responses” ‘°); in figure 4 of his paper, it can be observed that it also 
grows in height and duration under the action of cevadine (other alka- 
loids of veratrum: veratridine, cevine and even veratrine itself produce a 
similar effect), coinciding with the findings of Coppée “) concerning ve- 
ratrine. Our results agree with those obtained by the last mentioned 
authors. In “Results” we report that the increase of the e.p.p. was not 


D 


\ 
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Fic. 8.—Iterative responses of the sensitive nerve. 


Cat weighing 3.800 g. Long saphencus nerve stimulated at the pelvis exit at 
frequency of 1 stimulus every 10 seconds. Action potentials obtained at the 
lcwer third of the leg. 

A— Control. Soon after the animal was given 3 injections of veratrine 
(2 mg) into the jugular vein, in 21 minutes 

B — 2 minutes 30 seconds after the last injection of veratrine. Later the 
animal was injected in 7 minutes with 2 doses of veratrine of 2 mg each, 
into the jugular vein. 

C — 10 seconds after the last injection 

D — 20 seconds after a new injection cf 4 mg of veratrine (after this dose 
of veratrine, intensity cf stimulus was increased) 

Calibration: 10 cm; 50 »V 


always observed since a problem of dosage was involved. Possibly, Kuf- 
fler used very large doses thus finding no effect of veratrine on the 
e.p.p. 

As already stated, small potential differences may appear superim- 
posed on the increase of the e.p.p. which may ke either completely irreg- 
ular or showing a certain tendency to synchronization (something sim- 
ilar can be observed in the figure published by Goutier ‘ and in that 
published by Kuffler when he applies a second stimulus shortly after 
the first). It is not easy to explain the origin of these alterations. Not- 
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withstanding, it seems clear that they cannot be attributed to propaga- 
ted muscular potentials due to a curarization, because in this case, they 
should increase as time elapses and those observed, on the contrary, de- 
crease (fig. 3 and 4). They could be the result of a summation of e.p.p. 
or of iterative responses of the same or even of abortive muscular pot- 
entials which are only propagated to the neighbourhood of the motor 
end-plate ‘''). It is well known that iterative responses decrease in intens- 
ity and frequency, until they disappear, when the frequency of stimu- 
lation is gradually increased. At a frequency of 10 per second, muscu- 
lar repetition due to the effect of veratrine is practically never obser- 
ved. The described irregularities run parallel to the muscular iterative 
phenomenon; i.e., when frequency gradually increases, they decrease and 
disappear. When a cotton soaked in veratrine was placed near the elec- 
trode which stimulates the nerve, the nerve and the corresponding mus- 
cle give iterative responses (references in the literature on this point are 
confusing and contradictory; see ‘°)). Accordingly, irregularities of the 
motor e.p.p. could be due, in part, to repetitive responses of the motor 
end-plate. This would not be a unique case, since in other synapses (gan- 
glionar) iterative phenomena ''?) have been described and, besides, it 
would agree with the description made by Goutier °). 

The fact that iterative responses induced by the local application of 
veratrine to the nerve give repeated muscular responses, may indicate 
that the motor end-plate can increase due to it being a transmitter of 
the nerve. Moreover, it has been observed in several opportunities that 
the motor end-plate potential increases in size and length without su- 
perposition of any electric modification. These pure increases would seem 
to be due to a direct action of veratrine on the motor end-plate. In addi- 
tion, some experiments showed that veratrine can increase the contrac- 
tion of the denervated muscle stimulated by non-maximal doses of ace- 
tylcholine. It is true that there were also some doubtful results and 
others in which the drug decreased the contractile power of acetylcholi- 
ne. But the existence of positive experiments (increase of muscular con- 
traction) when a substance capable of decreasing muscular excitability is 
employed (as veratrine) is of great value. In this sense, we do not agree 
with the results obtained by Cicardo °) and Kuffler ‘''). They used other 
zoological species and different techniques (‘in vitro”). 

This group of experiments suggests that the increase of the e.p.p. 
produced by veratrine may be due to a direct action of the drug on the 
motor end-plate and to the transmission of iterative responses to the 
nerve. 


Our results shed no light on the mechanism of the iterative respon- 
se. These responses are produced in the skeletal muscle, in any type of 
nerve: motor, sensitive or fibers of the autonomic nervous system ‘?) 
and also in the motor end-plate. Repetition is not related to the increase 
of excitability in these structures. When the excitability of the skeletal 
muscle has markedly decreased by the action of veratrine, beautiful re- 
petitive responses can be observed. Furthermore, iterative responses ap- 
pear without modification of muscular excitability as shown in the expe- 
riments in which veratrine was locally applied to the nerve and iterat- 
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ive responses obtained in the muscle. With a simple local application on 
a small portion of the nerve, repetitive responses and its propagation 
along the nerve, the plate and the muscle can be observed. There is no 
reason to believe that repetitive responses would be inversely related to 
some metabolic process closely connected to fatigue, because, if it is 
true that when increasing frequency of stimulation, repetitive responses 
of several structures and of the nerve \') decrease or disappear, it is also 
true that fatigue is not observed in the nervous fiber. 


SUMMARY 


Adult cats under sodium pentobarbital anesthesia were used to in- 
vestigate the effect of veratrine on several structures: 

1) Veratrine decreases muscular excitability independently from 
its property of producing iterative muscular responses. 

2) It may increase the motor end-plate potential both in intensity 
and duration. Sometimes, small waves due to voltage differences (either 
completely irregular or with certain tendency to synchronization) were 
superimposed on this increase. 

3) Occasionally, veratrine may potentiate the contraction of de- 
nervated muscles, stimulated by non-maximal doses of acetylcholine. 

4) Local application of veratrine on the nerve induces iterative 
responses both on the nerve and on the muscle; muscular twitching may 
become potentiated due to this phenomenon. 

5) Veratrine produces iterative responses on the sensitive nerve. 
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OBSERVATIONS CONCERNING THE UNITAGE SYSTEM 
AND SENSITIVITY OF SOME BIOLOGICAL 
PREPARATIONS TO HYPERTENSIN * 


J. L. Prapo, J. R. VALLE AND Z. P. PICARELLI ** 


(Laboratories of Pharmacology and Biochemistry, Escola Paulista 
de Medicina, Sao Paulo, Brasil) 


REVIOUS WORK from these laboratories (Valle, Prado & Prado, 1952; 
Prado, Picarelli, Brandi & Prado, 1953; Picarelli, Kupper, Prado, 
Prado, Prado & Valle, 1954; Prado, Picarelli, Kupper, Prado & Valle, 
1954), offered us the opportunity of observing how confusing can be the 
comparisons between hypertensin units, or potencies, on account of 
their different definitions, conditions of test objects and types of assay 
which have been used in many laboratories. It has thus been difficult, for 
instance, to know which is the sensitivity of the toad vascular prepara- 
tion when Bufo ictericus Spix (Picarelli et al. 1954) is used instead of 
the Bufo arenarum Hensel (Fasciolo & Taquini, 1947) and which would 
be the ratio of potencies between Edman’s hypertensin and our most 
purified preparation. Furthermore, Braun-Menéndez, Fasciolo, Leloir, 
Munoz & Taquini (1946, pg. 150) reported the potentiation by tyramine 
of the pressor effect of hypertensin and, on this ground, the tyramine 
phosphate unit introduced by Edman would be liable to criticism. 

An attempt is made here to study the sensitivity of different test 
objects to hypertensin and to compare the unitage systems followed by 
the Buenos Aires’ group (Braun-Menéndez, Fasciolo, Leloir & Munoz, 
1940), the group of Indianapolis (Plentl & Page, 1945) and by Edman 
(1945). 


MATERIAL AND METHODS 


Hypertensin. — The hypertensin powder used in these studies was 


* This work was made possible through grants received from the Conselho 
Nacional de Pesquisas, 1952-1953. It is cordially dedicated to Prof. A. Lipschutz, 
although it could not appear in the special issue of this periodical. 

** Under the tenure of a Conselho Nacional de Pesquisas fellowship. 

—Received for publication, June 3rd, 1954. 
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prepared from a large batch of ox blood plasma, following the directions 
given by Braun-Menéndez et al. (1946). Once the crude preparation was 
obtained, it was further purified by dissolving in glacial acetic acid and 
precipitating with ether. The brown powder (EPIla) was kept in a vacuum 
dessicator. It is not completely soluble in water and the supernatant, 
which contains the whole activity, was always employed. 

Other drugs. — Epinephrine hydrochloride (adrenaline, P. Davies), 
arterenol hydrochloride (Delta) and tyramine hydrochloride (B. D. H.) 
were the other drugs injected. 

Intact dog’s blood pressure. — Mongrel dogs were anesthetized with 
morphine hydrochloride (10 mg/kg) plus a mixture of barbituric deri- 
vatives (*) or narcotized with chloralose (100 mg/kg), slowly adminis- 
tered by vein. After bilateral vagotomy and under artificial respiration, 
the carotid blood pressure was recorded by means of a mercury mano- 
meter. 

Dogs with the central nervous system (CNS) destroyed. —In adult 
dogs with artificial respiration the CNS was completely abolished by 
the technique of Galvao & Pereira (1942), which consists in forcing dur- 
ing 6 minutes a 20 % sodium chloride solution under a pressure of sixty 
centimeters of mercury into the cisterna magna (**). The carotidean 
blood pressure was then recorded as above. 

Pithed or intact cat’s blood pressure. — Adult cats anesthetized with 
pentobarbital (20 mg/kg i.p.) and injected with atropine sulfate (2 mg/ 
kg s.c.) were used. Bilateral vagotomy and artificial respiration preced- 
ed the pithing, which was performed by the technique of Shipley, Hel- 
mer & Kohlstaedt (1947); the assay was initiated approximately one 
hour later. 

Pithed rats. — Adult, male rats, 250-320 g body weight, previously 
injected with pentobarbital (50 mg/kg), atropine sulfate (1 mg) and 
diphenylhydramine hydrochloride (5 mg) were pithed according to the 
procedure described by Shipley & Tilden (1947). The carotid blood pres- 
sure was recorded, a miniature Falmer pump, giving 40 strokes of 
approximately 5 ml of air each per minute, being used. 

Laewen - Trendelenburg (L. T.) vascular preparation and isolated 
guinea-pig ileum. — These two preparations have been routinely employ- 
ed in this laboratory (cf. Picarelli et al., 1954). 


RESULTS 


Comparative sensitivity of different test objects to hypertensin. — 
The responsiveness of several test objects to EPIla is illustrated by 
Fig. 1. Perusal of the data given in Table I, shows that the dosage of 
our hypertensin administered to obtain small to average responses was 
from 2 to 8 mg in the dog, 400 to 800 »g in the cat, 100 to 200 
wg in the rat, and only 20 to 40 »g in the L. T. preparation or the 
isolated guinea-pig ileum. It is also seen that the sensitivity varies a 


* Somnifene Roche, 2 ml. 
**Our thanks are due to Prof. P. E. Galvao in whose laboratory the dogs 
were prepared 
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great deal at different stages in the same preparation and from one ex- 
periment to another. Indeed, it was the observation of this large varia- 
tion of responses that led us to consider the possible influence of the 
anesthetic employed or of the destruction of the CNS. From an analysis 


Fic. 1.—Effect of hypertensin (EPIIa) on different biological. preparations. 
Excluding the registration of the guinea-pig ileum contractions (F), all the 
others are blood pressure tracings. ° 
A — Dog 14.4 kg, CNS destroyed. 1) 5 zg Arterenol; 2) 3.2 mg EPIla. 

B — Dog 9.0 kg, morphine plus somnifene. Bilateral vagotomy and artificial 
respiration. 1) 8 mg EPIIa; 2) 10 ywg Arterenol. 

C — Dog 11.0 kg, chloralose, both vagi cut, artificial respiration. 11.15’) 
2 ml saline; 11.26’) 2 mg EPIIa; 11.30’) 4 mg EPIIa. 

D — Cat 2.3 kg, pentobarbital and atropine. Bilateral vagotomy and artificial 
respiration. 1) 1 ml saline; 2) 400 wg EPIIa. 

E — Cat 1.8 kg, CNS destroyed. 1) 1 wg adrenaline; 2) 1 wg arterenol; 3) 400 
ug EPIIa; 4) 800 wg EPIIa. 

F — Isolated guinea-pig ileum; H, histamine. 


of the results obtained in all the animals studied (Tables I, III, IV) there 
is, apparently, no special influence of the anesthetic used. The destruc- 
tion of the CNS did not increase the reactivity to hypertensin; it rather 
diminished the response. The good maintainance of the blood pressure 


level in pithed animals is particularly well suited to the comparison of 
pressor effects. 


 _ 
we 


UNITAGE SYSTEM OF HYPERTENSIN 107 


TABLE I 


Effect of a hypertensin preparation (EPIIa) on various test objects 


Biological Preparation’s 


preparations * Doses and responses** average 
Dog, morphine and 
comuaitene’ (1) (8mg) 20, 22, 36, 22, 20, 20 23 mm Hg 
(2mg) 10/36, 34/16 20 » » 
Dog, chloralose § (3) (4mg) 52/26, 22, 20, 18, 20, 20 ene 
(8mg) 22, 30, 30, 26, 30/77 es oS 
Dog, CNS destroyed (6.4mg) 14, 12 | ae 
(2) (8.0mg) 8,6 
(400,g) 12, 20/28, 26, 30, 10, 14/ 
Cat, pentobarbital /35, 44, 24, 40, 40, 26, 28, 32, 
(4) 40, 36/24, 22, 10, 14 eer 
(800ug) 34, 28/58 
(400,g) 10/9/14/9/19, 38 
Cat, CNS destroyed  (g00,,g) 18/28/30, 28/18, 22, 20, 23, 
(5) 16/36, 38, 58, 44 geen 


(50,8) 16, 10, 18, 14/16, 8, 10,12 13, , 
Rat, CNS destroyed 25, 20, 24° 22/20, 18, 24, 20 ” 


(3) (170,g) 32, 28, 32, 24 te 
(10ug) 8/14/6/4/8 8 drops 
L. T. (20.8) 20/10/4/16/10 
paration (5) &§ (50,8) 36/12/11/22/40 


Isolated guinea pig (20ug) 31/17/40/17 26 mm_ height 
ileum (4) §§ (30ug) 20/52/33/50 39 ,, 


*In brackets the number of preparations employed. 

** In brackets the doses injected or added to the bath. Results obtained in 
the same preparation are separated by (,) and an oblique trace (/) separates 
results from different preparations. 

§ These 3 dogs were approximately 10 kg of body wt. each. 

§§ Results from Picarelli et al. (1954). 


Buenos Aires (B.A.U.) and Indianapolis (Ind. U.) units. — A 
standardized hypertensin powder obtained from Dr. O. M. Helmer, 30 yg 
of which contained one Ind. U. (*), was assayed twice against EPIIa by 
our four point assay cat method. One Ind. U. was found to correspond 


* We wish to thank Dr. O. M. Helmer for suplying us initially with a 
standardized hypertensin solution and lately with a standardized hypertensin 
powder. 
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to 584 »g of EPIla (512-668 ,»g, P — 0.05) in the first experiment and 
to 585 »g (510-680 »g, P = 0.05) in the second one (*). In Table I 
we record the: blood pressure increases obtained in a series of cats both 
with EPIla and with Helmer’s standard. It may be verified that while 
some cats gave low responses, others reacted much better. Although the 
Ind. U. has been defined as the amount of hypertensin which injected 


TABLE II 


Responses of the pithed cat blood pressure to two hypertensin 
preparations (Helmer’s and EPIIa)* 


B. F. increases FP. B. increases 
Cats Single doses in mm Hg Double doses in mm Hg 
A 420 ug EPIIa 840 ,g EPIla 24, 20, 20, 16 
B 14, 12, 12, 12 21, 24, 20, 26 
C ae eae 26, 30, 26, 25 eee 50, 65, 62, 58 
D 40, 34, 20, 16 48, 52, 43, 30 
F 1, 2 17, 19, 16, 16 
E 1 U. Helmer’s 9, 9, 8, 9 2 U. Helmer’s 15, 15, 14, 17 
F 1 &. 2 U. 38, 16 
G Ew. ee 22, 22, 21, 20 2 U. 36, 33, 32, 34 


* Helmer’s hypertensin: a standardized white hypertensin powder, received 
from Dr. O. M. Helmer; 30 ug = 1 Ind. U. EPIIa: our hypertensin preparation. 
Each cat was injected four times with the same dose; the responses are sepa- 
rated by (,). Cats E and F were injected with EPIIa and Helmer’s hypertensin. 


into a pithed cat produces an elevation of 30 to 50 mm -Hg of the blood 
pressure, the average response to Helmer’s standard obtained in three 
cats (E, F and G) was much lower, even in the more reactive animal 
(G). It rather seems that the actual Ind. U. would correspond to 60 »g 
.of Helmer’s powder and, consequently, to 1169 pg of EPIIa. The B.A.U. 
was defined as the amount of hypertensin which injected into a 10 kg 
chloralosed dog, raises 20 to 30 mm Hg its blood pressure. From the re- 
sults shown in Table I, obtained from three dogs, we estimated that 3 mg 
of EPIIa correspond to one B.A.U. (fig. 2, B). One would conclude, 
then, that 1 B.A.U. is equivalent to approximately 5 Ind. U., although 
the roughness of this sort of calculation should be duly emphasized. 


* EPIIa was sometime ago standardized against a hypertensin solution re- 
ceived also from Dr. O. M. Helmer and 400 wg were equivalent to 1 Ind. U. As 
our preparation kept the original activity, the only explanation we have to 
offer is that Helmer’s solution was actually less potent. In order to transform 
unit values from our previous publications into Ind. U. it is necessary to mul- 
tiply them by the factor 0.69. 
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Edman and Indianapolis units. — Edman, Euler, Jorpes & Sjéstrand 
(1942) suggested the use of tyramine phosphate (T.P.) as a more sta- 
ble standard for hypertensin. Subsequently, Edman (1945) stated that 
150 - 250 »g of the pressor amine correspond to an amount of hyperten- 
sin which gives a blood pressure rise of 30-50 mm Hg on a 2.5- 4.0 kg 
body weight cat, and concluded that this quantity of T. P. would be equi- 


Fic. 2—Comparison between the pressor activity of hypertensin (EPIIa) with 
‘that of tyramine in the dog. 


A — Blood pressure. dog, 15 kg, CNS destroyed, 4.38’, 6.4 mg EPIIa; 4.41’, 
500 ug tyramine hydrochloride (tyr.HCl); 4.50’, 2 mg Tyr.HCl; 4.59’, 
6.4 mg EPIiIa. 

B — Blood pressure, dog, 11 kg, chloralose, vagi cut, artificial respiration. 
3.05, 2 ng EPIIa; 3.12, 300 ug Tyr.HCl; 3.20, 2 mg EPIIa; 3.29 300 ug 
Tyr.HCl. 

C — Same animal as in B, 9 minutes after 200 mg pentobarbital intrave- 
nously; blood pressure dropped from 182 to 114 mm Hg. 3.49’, 2 mg 
EPIIa; 3.55’, 300 ug Tyr.HCl. 


valent to one Ind. U. Considering however, a) that Edman used intact 
cats whereas the Indianapolis group employed cats with the CNS des- 
troyed, b) that the sensitivity of an animal to hypertensin and to tyra- 
mine do not run parallel, and c) that a potentiation of the pressor action 
of hypertensin by tyramine was already reported (Braun-Menéndez et 
al., 1946, pg. 150), we thought that a new evaluation of the relationship 
between Edman and Ind. U. should be done. Table III shows the Tyr. 
HCl/EPtIla relationships obtained in several test objects and figs. 2 & 3 
illustrate a few actual examples. If one takes the series of tests perfor- 
med with pithed or anesthetized cats one verifies, in accordance with 
Edman (1945), that the relationship Tyr. HCl/EPIla varied largely from 
one animal to another. Apparently, neither the destruction of the CNS 
nor the type of anesthesia influenced this relationship; the average va- 
lue obtained in the cat was 1:11. 

In the narcotized dog the average Tyr. HCl/EPtIla relationship was 
1: 8. Here, again, the kind of the anesthetic employed had no effect on 
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TABLE III 


Pressor relationship between tyramine hydrochloride (Tyr. HCl) 
and a hypertensin preparation (EPIIa) * 


Calculated 
Biological preparations ** Tyr.HCl/EPIla 

relationship 
Dog, morphine and somnifene (1) 1 mg: 8 mg : ee 
750 ug : 8 mg i: 10 
Dog chloralose (3) 300 »g : 2 mg ee RR 
700 »g : 2 mg :-38 
2mg: 64mg 3 
Dog, CNS destr. (3) 1.5 mg: 8.0mg ae 
1 mg: 4.0mg 
30 wg : 400 
5 ug : 400 ug i: 
Cat, pentobarbital (4) 50 wg : 400 ug oe 
50 wg : 400 ug a 


Cat, chloralose (3) 90 ug : 800 ug Ae 
: 


50 wg : 800 ug 
56 we : 800 ug 
Cat, CNS destr. (5) 50 wg : 800 
100 : 800 ug 
100 wg : 800 ug eae 


* Results here recorded represent in general the average of several tyramine 
and hypertensin injections in the same animal. 
** In brackets the number of animals used. 


the relationship obtained. This is clearly shown in fig. 2, B & C, where 
the Tyr. HCl/EPIla value obtained on a chloralosed dog was not modi- 
fied by the intravenous injection of 200 mg of pentobarbital, which pro- 
duced a marked blood pressure drop. Contrariwise, the destruction of 
the CNS decreased slightly, in a few dogs, the pressor relationship obt- 
ained. 

From the average Tyr. HCl/EPIIa value obtained in cats (1 : 11). 
585 »g of EPIIa (1 Ind. U.) are equivalent to 53 »g of tyramine hydro- 
chloride, which correspond to 72 ug of T. P., an amount less than half 
the 200 »g average quantity reported by Edman (1945). This would 
constitute another indication that the actual Ind. U. would be approxi- 
mately 1169 »g of EPtIia. 
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No potentiation of hypertensin by tyramine was observed in our 
experiments. Figs. 2 and 3 clearly show that alternate injections of 
tyramine and hypertensin do not modify the pressor effect of the latter. 

Relative pressor effect of adrenaline, arterenol and hypertensin. — 
The pressor action of 1 B. A. U. was found to be equivalent to four mi- 
crograms of adrenaline (Braun-Menéndez et al. 1940) and, according to 
Dexter, Haynes & Bridges (1945), the relation is the same in the cat, 


Fic. 3.—Pressor activity cf hypertensin (EPIIa) and tyramine in the cat. 


A — Cat, 2.3 kg, pentobarbital cnd atrepin, vigi cut, crtificial respiration; 
4.32, 400 wo EPIIa; 4.38, 25 ,g tyram‘nxe hydrcchloride (Tyr.HCl); 
4.44, 400 ng EPIIa; 4.51, 25 ug Tyr.HCl. 

B — Cat. 3.2 kg. CNS destrcyed: 3.13’ €00 ug EPIIa; 3.18, 100 pg Tyr.HCl; 
3.24’, £00 ,g EPIla. 


one fourth of that unit possessing the same activity as one microgram 
of adrenaline. The results presented in Table IV and partially recorded 
in figs. 4 & 5, show that 800 »g of EPIla were approximately equivalent 
to one microgman of arterenol and certainly induced a smaller blood 
pressure rise than one microgram of adrenaline. 


DISCUSSION 


When two hypertensin preparations have to be assayed against 
each other, the routine method of bracketing the unknown by the stan- 
dard and adjusting doses until they give the same pressor response 
furnish approximate results; a more precise estimation may be obtained 
if a four-point assay (Valle et al. 1952; Prado, Prado, Picarelli & Valle, 
1952) is émployed. If, however, a reference standard is not available, 
then it is practicaly impossible, as in other biological assays, to deter- 
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Fic. 4.—Effect of hypertensin (EPIla) tyramine, adrenaline and arterenol on 
the blood pressure of the dcg. 


A—Dog, 9 kg morphine (100 mg) and somn-fene (4 ml), vagi cut arti- 
ficial respiration: 10.51, 10 wg arterenol; 10.54, 10 pa adrenaline; 10.59, 
10 wg arterenol; 11.04, 8 mg EPIlIa; 11.09, 1.5 mg tyramine hydrcchloride 
(Tyv.HCl). 

B — Dog, 15 kg, CNS destroyed: 4.45, 1 ml saline; 4.16, 5 yg arterenol; 4.19, 


10 yg arterenol; 4.23, 10 ua adrenaline; 4.28, 3 mg EPIIa; 5.04, 2 mg 
Tyr.HCl. 


Fic. 5.—Effect cf hypertens'n (EPIIa), tyramine, adrenaline and arterenol on 
the blood pressure of the cat. 


A — Cat. 1.8 kq CNS destrcyed: 5.45, 800 wg EPIIa; 5.50, 100 ug tyramine 
hydrechloride (Tyr.HCl); 5.56 1 wq adrenaline; 6.02, 1 ,9 arterenol. 
B — Cat. 1.7 kg, pentobarbital and atrop:ne. vagi cut, artific.al respiration: 


6.59) 1 »g adrenaline; 7.07) 1 wg crterenol; 7.12) 400 wg EPIIa; 7.21) 
32 ug Tyr.HCl. 


- —_ — 


A Doe 
: 
| 
De 
| 
| 
| 
j 
: 
} 
| 
| 
| 


UNITAGE SYSTEM OF HYPERTENSIN 113 


TABLE IV 


The hypertensive effect of EPIIa compared with that cf epinephrine 
and arterenol 


Responses ** in mm Hg to: 


Preparations* Arterenol Epinephrine EPIla 


Dog morphine and 
somnifene (1) (10g) 34 105 (8mg) 23 


CHS (10,g) 18 (10,g) 48 (7.2mg) 10 

Cat, pentobarbital (2) (lug) 28 (lug) 66 (400ug) 18 

Cat, CNS destroyed (ng) 36 (1ug) 73 (400,g) 14 | fs ies 
(5) (4 cats) (4 cats) (800,.g) 28 | 


* Number of animals in brackets. 
** The doses injected are in brackets. The responses are the averages of 
the mean responses obtained from repeated injections in the same animal. 


mine with acceptable precision how it would compare, or how it would 
have assayed, with a hypertensin preparation from another laboratory. 

The results herein presented show that the sensitivity of different 
biological preparations to hypertensin vary a great deal in the same and 
from one experiment to another and unless the estimation of potency 
of a hypertensin sample is arrived at by taking into account this varia- 
bility, one might get false conclusions. Even an apparently easy problem 
such as to know the relationship between the Buenos Aires and the 
Indianapolis units is not so simple. 

The comparison of the pressor response to hypertensin with that 
of other drugs such as adrenaline, arterenol or tyramine as a further 
way of expressing potency, do not seem to improve the situation. It is 
known that the dose-effect regression lines of drugs possessing the same 
qualitative action may not run parallel, and this is well illustrated by 
the large variability of the tyramine: hypertensin relationships obtained 
in the cat and dog. A further example of the ineffectiveness of the 
method of comparing hypertensin with other pressor drugs is given by 
our results with adrenaline and arterenol. While 800 »g of EPIIa should 
have a pressor effect comparable to one microgram of adrenaline, the 
actual effeet recorded was smaller, being rather correspondent to that 
induced by one microgram of arterenol. 
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We believe that any unitage system for hypertensin should be 
abandoned and a provisional international hypertensin standard should 
soon be agreed upon, now that new efforts are being made in different 


laboratories to further purify this polypeptide. 
SUMMARY 


Tests based on the increase of the blood pressure of dogs, cats and 
rats, on the constriction of the toad’s hindleg vessels and on the con- 
traction of the guinea - pig ileum, were studied and compared in rela- 
tion to the unitage systems proposed for hypertensin. The destruction 
of the central nervous system did not improve the reactivity of dogs 
and cats; the Laewen-Trendelenburg and the isolated gut were the most 
sensitive preparations, both exhibiting the same degree of responsive- 
ness. Roughly, one Buenos Aires unit would correspond to 5 Indianapo- 
lis units and to 0.36 Edman’s unit. It is proposed that this rather con- 
fusing and approximative unitage system should be abandoned in favour 
of a provisional international reference standard for hypertensin, a step 
which has already been taken for other biologically active substances. 
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Los trabajos deben ser enviados al Jefe de Redaccién del pais de origen. Si no 
existiera Comité Editorial, debera4n ser enviados a la Secretaria de Redaccién de Acta 
Physiologica Latinoamericana, Avda. R. Sd4enz Pefia 555, Buenos Aires, Argentina. La 
revista no se responsabiliza por los dafios sufridos por el manuscrito o por su pérdida. 
Se recomienda a los autores conservar una copia completa de los trabajos que envien 
por correo. 


Se aceptan articulos originales inéditos o que hayan sido publicados previamente en 
forma parcial o completa en alguna revista local. 


Los trabajos deber4n ser escritos a mA&quina en papel tamafio carta, no transpa- 
rente, a doble espacio y con amplio margen, Las ilustraciones deberén estar numeradas 
(fig. 1, fig. 2, etc.), y Mevar al pie una leyenda clara y concisa. Las fotografias hechas 
en papel brillante, nitidas. Los graficos y diagramas, dibujados con tinta china sobre fondo 
blanco, listos para reproducir. 


Se publicar4n trabajos escritos en castellano, portugués, francés o inglés. Los que 
estén escritos en castellano o portugués deberén contener al final un resumen en inglés. 

Las citas bibliogrdficas se har4n en el texto mediante nimeros [por ej.: algunos autores 
(2,15) y en especial Jones (5)] o autores y ano [por ej.: (Breslauer, 1919)]. Al final del 
trabajo la bibliografia se ordenard alfabéticamente y con numeracién progresiva, en el 
primer supuesto, y alfabéticamente en el segundo. Para las abreviaturas de las revistas, etc., 
se seguiran las recomendaciones del World List of Scientific Periodicals. La 
de tales citas debe ajustarse a los ejemplos siguientes: 


(2) Brestaver, J. D.: J. Physiol., 1949, 151, 50. 


(2) GoupserceR, E.: Unipolar lead electrocardiography, Philadelpia, Lea and Febiger, 
1947. 


(8) Gémez, S. L., Pérez, J. M., Lépez N. A.: Acta physiol. Lat.-Amer., 1950, 1, 43. 
(*) Pazcr, L. M., Scutenx, F.: Federation Proc., 1950, 9, 212. 


De acuerdo con el cardcter del articulo (articulo de conjunto o eee original ) 
constarA o no el titulo completo de los trabajos citados en la bibli 


Las medidas y simbolos deben expresarse de acuerdo con las BBS SOE de la 
Comisién de Simbolos, Unidades y Nomenclatura de la Unién Internacional de Fisica, 
aprobados en Amsterdam, en junio 1948 (Ciencia e Invest., 1949, 5, 433). 


Se exponen a continuacién algunas abreviaturas comunes: 


metro m- litro microgramo ug 
centimetro cm centimetro cibico cm® Y 
milimetro mm _mililitro 

hora h 
milimicrén my gramo g segundo 8 
Ansgtrom A miligramo mg milisegundo ms 


Para evitar la confusién derivada de la notacién decimal diferente segan los paises, 
se adopta el punto decimal y se suprime toda notacién entre millares sustituyéndose por 
un espacio: 10000 (no 10.000 ni 10,000) —0.90 (no 0,90). 
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